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ALLAH Almighty be thanked a million times for showering his special 
blessing. a work of such magnitude. Those who have under taken sucha Heculean 
task can fully understand the obstacles, barriers and problems which need to be 
overcome. 

This book is unique in its kind and texture as it caters for the need of thé 
students and teachers alike. It covers a wide range of textual styles on one haga 
and on the othertends to develop the knowledge, skills and appetite for ateaffing 
Practical knowledge for future fears. 

We also owe our deepest sense of gratitude to Scholar Publigations for 
inculcating in us a self belief which proved out to be our greatest source of 
strength, 

We medge that any suggestions from our worthy teachitrig fraternity shall 
be highly appreciated fortheimprovementanda mention abdutany mistake. 
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Koy Points 
Solved Ex 

Text Book 

Short Qu of Exorcise. 

Comy ive Guestions__ 
neptune ag 
AeAilional Concoptual SiOx 

Past Papers MCQ's. 

‘Self Assogement Test 


Work & Energy 


A quantity and its unit obtained and deycloped from base quantities and their 
Giving any consideration to the ditectifgal properties are called derived quantities 


—[ 8 [Meter per second squared 


2S rad = 0.01745 rad 


‘Steradian is the unit for solid angle. 
is defined as the solid angle subtended didjré center of sphere by an area of its surface equal 
¢ of radius of that sphere”, 


an 
= iq rad = 


a p mis wrong, correct is phd. 
are never sed, For example/not mum (mili micro meter) oF pm not um 


of algebraic (multiplication or division) apply. * 
ora half-high (centred) dot (-), 
line, by a solidus (oblique stroke, /) or by negative 


metre and nvs or m s"' for metre per second, 
for unit symbols or unit names, such as see (for either s or second), 
i ), ce (for either cm? or cubic centimetre), 
to the power, iis soi pica oe whole mu Op sat 


n with a capital letter even if named after scientist ez, newton. 
‘scientist has inital capital such as N for newton. 
part of the unit and is written before the unit symbol without any 


the wall width of half brick.thlckr 


flat position, lengthwise call 
+ Ble em. And one brick re (the 
to wall 


t ¥ 


| More quantities are added or subtracted, the-tesult is as precise as the least precise of 
After adding or subtracting, round the result 
ng least decimal places of the. 
1.56005 + 0.0698 + 1103.2 = 1147,82985. 
i answer. Answer should be written upto one decimal pl 


(6) 107 


72.4, 3.32 and 0.003. What Is the correct anawer | 


os 
of a ball when measured witha vernier calipers of 
s7 osatzen (0)53124em | 
2) 


4. 0.04060 are 
is ras 5. 


2 
p [se Jes Tec Tee Jo [os [oe [ron | 
fween,predision and accuracy inmeasurement. 


‘same as that of: 


(C) Veiocty 
Pee fs = are equal to the dimensions of: 
(C) Acceleration 


TAD (O) (MP LPT 
==. wy oe 
® 


Bee Ceneral information| 
aS a 7 
(©) 948% 10!%m (0) 9.46 « 10m 


‘of color printing to produce the entire range of colors: 
os 


slved Examples 


‘Two connected goars are rotating. The smaller goar has a radius 

(Gear's radius is'0.7 m. What ls the angio through which the areola 

when the smaller gear has made one complete rotation? = 
Data: Larger gear's radius * 
‘Smaller gear’s radius 
Required: §— Angle of rotation for larger pear “®,' = ? 


s 
Ga svaller poor pefiros one complete rratin (9 = 2), the length of the 5 are ravelp(Qp 8 = 5 = 
Ser 0, 
Pasting values S= 0.4m» 2 

S=0.8nm 
$5, an Br aro length on the larger circle would form an angle as follows 


‘What is the angle in deg: 
8 = 3.6 radians » 3.6 « $7.3" = 206.3 
Ifd ¢ Ad = (101.41 0.05) mm represdfits the internal diameter of the metal pipe and d+ 


‘Ad = (102.79 + 0.08) mm represents the external diameter of the metal pipe, then find 
the thickness of the motal part @ftthe pipe including uncertainty in it. 


Data: Internal diameter d= Ad = (101.41 ©9.05) mm 
External diameter d+ Ad = (12°29 0.05) mm 


Required: Thickness of Pipe "t' = 7 
Solution: 


m the external diameter 


3 the internal 


Te find the thickness of HE pipe we would subtr 
however we will addi} fractional uncertainties a 
d= dy 7djS( Ad, + Ads) 
‘Putting values d= (402-79 ~ 101.41) mm + (0.05 + 0.05) mm 
4S 38 + 0.10)mm 
Be carefpLAot to subtract uncertainties when subtracting measurements uncertainty ALWAYS gets worse 


as radré measurements are combined 
She difference in the radius ls required for the thickness ‘t” therefore both the diameter and the 


tainty must be divided by 2 (as the percentage uncertainty remains the same), Hence 
d_ (138 , 0.10) 

n= PE 

£= (0.69 + 0.05) 

The length and width of a rectangular room are measured to be | = (I + Al) = (3.955 + 

0,005) m and w = (w + Aw) = (3.050 2 0.005) m. Calculate the area A = (A + AA) of the 

room and its uncertainty. 


Berens) = 
Area = (A2 SA) =? 


=(I3=02)5 
on due to gravity “g’ = 9.81m/s* 


as: 
B.(49.840.4) om. (500 0.2) em. 
ty in the measurement of (3,76 + 0.25) m ls: 
z C.25% 
it ured by a thermor 
he temperature difference and the error therein is: 
B. (30.05)°C €.G02 Dey 
40%) « (3.05233%) =: 
+ 13.2% B. 15.0 ms 7.3% CS Dis + 0.7% 


D.(30#1.5)°C 

D. 15.0 ms # 15.3% 
D, 8.0m’ + 6.0% 
D9 


D8 


D.36.7 
‘D. 1000000 ken 
D. all of these 


D. all of these 


Bat = (50-20) $0540. 
ieee (5.0 x 3.0) + (4% + 3.3%) = 1 


(20m + 2.0%)* = (20m)? + 3(2.0%) =B0 m +60% 


16.562 = 26.6 
‘As answer should be up to least Sécimal places in the given d 


has one decimal place, sareterril be 26.6 after rounding off wi 


_ Number of ans (0) = a F RN 


primera 


‘ pe pecs iy Pe ree tren called fc coat 


eo bch ct 00cm 


tiply and divide quantites with different dimensions and aftec nia\tiplicatiow/ division, 
of any derived quantity. Cs 
AS forces mass * acceleration i 


t= cur) ~ 
ly thove quantities can be acided or subtracted Which have same dimensions, 


kmay change due to change in temperature therefore time period nay 
imple pendulum varies with g and y varies with altitude. 


Bre used In Si to Indicate units? 


7 
Lare errors? Differ between systematic and random errors? 


ty In measurement? explain the propagati 
cation and division? 


‘figures? What are the rules for del ing significant figures in the final 
subtraction, multiplication and diviston?, 


srentiate between precision and accuracy inthe moasurement. 
10. ou 
‘meant by a ‘of physicat Quantities? What are limitations and applications of 


£IOPPRS rove 
NUMERICAL QUESTIONS 


paris, one ploce of plaza ls taken out Estimate the degree measure 
7 Beers mace Whe rides, Was is Ue ten Sie 


teat 
rerxais iB 255 
=k 100% 

= SEE x 100% = 0.67% 
and 100% 

= 2. 100% = 1.020%, 


ad c.06%) = 000% = 00% 
WAT = 50.8% 


rectangular sheet with length (/  A/) # (1,50 ¢ 0,02)m and 
the area (A + 
0.02 F 


_ (As data has least | decimal place) 


x10) 
ad 


/constant ‘G' from the formula F-=G-™P 


‘my! and ‘m;' are masses of objects and ‘ris the'distance between 


See physical isnt 


Unit of ae='m 5 
Sous ILT), 
unsty=ms* 
Sot} = LT") 


=m Se ee 
mabe err. The eror alto arising in measurement due to poor calibration of the 


17. 


D. Four 


D, Velocity, Accalgtilen 


B. Cesium second 
Light year is unit of 


A. Distance B. time 
Solid angle of sphere is 
A1257 ar B. 628 
‘Base unit of linear momentum are 
ANS B.kgm/s 


Which of the following is dimensioniess? 
A. Stress B. Pressure 


C. Suds D. Stra 
Which of the following Is not unit of work? 

A. Joule B.Nm 
The dimensions of Power are: annua 990) 
AIMLT’| B.[MLT"} t 

‘The significant figures in 34.678 are (asians. 2097 
Aa, B3 cs 2 
‘Which of the following pairs of units ‘are both deri 
A. Kilogram, Angstrom B. Ampere {Dep 
‘The Prefix one peta is: (ANNUAL 2018) 
Aw B16") i 

‘One year is equal to: {ANNUAL 2090 
ABIS* 10's 2BES.4 «10's C1418 10" D. 86x 10's 

Which of the following may be used as valid formula to calculate speed of ocean waves? (v= 
speed, g= acceleration ‘due to gravity, = wavelength, p = density, h = depth) (Annee 008 
A gh Big 


In aéficKet match 500 spectators are counted one by one. How many significant figures wil De 
the final result? 


(ON: ANNUAL 2017) 


D. Joule, Watt 


Om D. pgh 


eee eat mness and sawn 
8% HY 


(C) 8% < % 


n are possible time units. Why are they not often used? 
(a) Ku=}mv'and (o) PI ezush ‘are dimensionally correct, 


cted gears are ‘smaller gear has a radius of 0.4 m and the larger gear's radius 
Mines Qh wi eos ewan ea paras a 
otation? CS 


‘precision’ and ‘accuracy’. 
sign conventions for writing measurements and thelr units. 


r Pattern For All Punjab Bc 


(Pisum -9 


q 
Cavs Cas vy) 


(4) xm ~9 
v 


HI by Wight face iralle letter such as A, dr and v ote. ot by the 
|v] ete. 


by two diferent apache, namely graphical (or ee 


1od vectors are added by sketching scaled diagrams, 
h of addition of vectors we use Head-to-Tall Rule, 


must be followed to add vectors by head-to tail ite) 
‘soale for the representation of given vectors, 
Vectors nocording to tho selected scale in its gi¥BR direction, 
tall of the 2nd vector to the head of the 1% <¢ptor and draw its representative line according 
seals in the given direction and continaihls process till last vector is added. 
Join the tail of the first veotor 43'phe head of the last veotor and put an arrow on this 


from the origin, Label sree 3 RC, means resultant vector, 


magnitude of F , mesypip the length of R and convert it according to the selected 
(directlon of R (afrtnensure the angle of © with respect to + xedineetlon in anti 


abi Is a kingle vector which has same effect as that of combined effect 


‘same effect as the combined effect of 
n as resultant vector,” Consider wo veet 
is known as resultant vector and i 


magnitude 
minimum 
« : = 
then the negéifjeo vector X has the-same magnitude as K 
vac 
A 


pcs ot roves a 


(0) 10N 
‘each other? 


‘of vectors by rectangular compo 


B.. These vectors are added by head to tall rule, 


Ores 
25 and te maontde of te vector product x 


Ca a | es a Ee 


{explain the terms;concurrent forces and equilibrant force 


©) 
gS cting upon a body and the lines of action 
‘2. common point, the forces are said to be 


pulling a picce of meat with forces F;,F) and Fy as 
the forces are concurrent as their line of action 


Une of action 
of force 


Saad arm) (magnitude Of perpendi lar component of forte) 
T = (r) (F sind) ¥ 


F = (r)(Fsinoya 
Fai xé 
ving force, we can prove the same se Ia by resolving 


F as shown in the figure. 
the torque as: 


(moment arm i.e. perpendicular @payponent of position vector #) (magnitude of force) 
T = (rsthd¥(F) 
T =F 3nd) 


{F sind) 


Weight exerts torque on the crav in aqua and oppeste rection 10 the 
toad. Mathorraticaly 
Foca = Feaunterweight 


“nithis case, angular acceleration is zero, so torque will be 
[2™ law for rotations) @iption) 


t=] x(-F)) + * F) 
© t=Ci+m)xF 
Sis Tax F 
| = # = position vector from point B to A 
ta7xF 
ple is measured by Right Haod Rule 


ond F are atan angle of: 
O30" 


(0) Negative 
(0) Positive 
(0) Torque 


(@) Paraitelto he plane containing ¥ and F 
(©) Perpendicular to the plane F and F 


x 
body is ero, he Wnear acceleration of Body is zero then th 


2 condition of equilibrium 


sketch vector quantities. 


oo ty 


is somehow mathematical niethod. 
stand the 


Physical differsiice between phys 


©.9. work = Force. Displacement 


‘and torque = Moment arm « Force = 7° 
The state in which 8n object has zero a 
Mt the sum of all the forces acting on a: 


le DF=0 
> Mf the sum of all the torque: 


le De =0 
° For perfect ‘equilibrium a body 


te EF =0.andy 7 =o 


oF 


ect |S Said to be in equiliium 


dy Is Said to be in equilibaum 


Example 2.1 


A ship leaves port and itavels 200 km at 30° 
travels 350 km in @direction 140° 


north of east. Then it changes its o direction aad 
Rorth of east to reach destination, Calculate straight it 
distance covered by ship? 


Given: Provedaie- 
1. Selecting scale: 
taste 
C00 im = Aem, 0 30° with the north of east 
L 350 km» 7 cm, 0 = 140° with the north of cast 
ToFind: Resultant R =? 
Solution: 2. Finding the resultant Using head to wil rule to get the 


resultant R We measure the length of yector R (with scale) 

which was about 6,8 cm (6.8 x $0 = 340 km), and with the 

Protector we also calculate the value of angle, which is 0 = 
oe 106" with east, 


‘M4 kim, 106° with north of east 


oo oe 


[= [retention | 
[Fees 


Cartesian coordinates system provides a framework to sketch vector quantities. 
Head to tail rule is a geometrical approach to add vectors. 
Addition of vectors by rectangular components method is somehow mathematical method. 


Scalar product and vector product helps to understand the physical difference between Ph 
quantities i.e ; 


nd torque = Moment arm x Force =F x F 
The state in which an object has zero acceleratic 
Ifthe sum of all the forces acting on an obj 


le EF =0 


nis said to in equilibrium 
equal bject is said to be in equibay 


zayo then t 


Ifthe sum of all the torques acting on a body is equal'to ze 
le EZ =0 

For perfect equilibrium a body must satisty bath the followin 
je EF =0. andy 7-0 


is said to be in equilonn 


#9209 OOo Gr00. . 


Solved Examples 


Example 2.1: 


A ship leaves portarid travels 200 km at 30° north of east. Then it changes its o direction 
travels 360 km in’ direction 140° north of east to reach destination. calculate straight 
distance covered by ship? 

Propedire 

F-Selecting scale: 

Let 50km =1 om 
ey 200 km = 4cm, @ = 30° with the north of east. 
350 km = 7 cm, 0= 140° with the north of east 
Resultant R =? 
2. Finding the resultant; Using head to tail rule to get the 
resultant R.. We measure the length of vector R (vith scale) 
‘whieh was about 6.8 cm (6.8 x 50 = 340 km), and with the 
‘we also calculate the value of angle, which is 6 = 

106 with east. 
34 km, 106° with north of east 


poles 
bela tsma 


{ails at the same point. When the angle between them Is increased 
‘magnitude but changes from positive to negative, The original 


Bo” C70" D. 80" & 
wm number of vectors of unequal magnitude required to produce zero resus 4 
Bo Ca 


30" 

4 The magnitude of vector A=2i+j+2k is 
AD Bs 

S When F,=3.Nand F = 5 N then F, = 
AGN 


BAN DON 
BA Bitter stick is supported by a knife-edge at the S0-cm mystiZ Arif hangs masses of 0.40 leg and Os 
from the 20-cm and 80-cm marks, respectively. Where shoal Arif bi 1g # third mass of 0.30 kg to 
stick balanced? 


AWem B. 20cm K 30cm 


MAX= 15cm, Ay ~-1.0 cm, into which quadssqpio the vector A point? 


B.ll cl 
& he 


D.2S em 
DIV 


AO BI -\ CAB DAB 

% Two forces of magnitude 20 N and S0'N act simultaneously on a body. Which one of the following | 
‘annot be a resultant of the two (oixes? 

_ AON BON C.40N D.70N 

10. If the dot product of two ae ‘A and B is zero then the magnitude of thy 
AO OR B 


Cal D.-AB 
‘two forces is 16N. If the resultant force is $N and its direction is 
forces are 


G.4N and 12N D.2Nand MN 
the uneven rod shown in the figure, If its ceater of gravity is 14 em from end A ly 


20cm 


at s 

A+B )=| Ax ii} is correct. 

cot coo" 
.-¥ 


Wet forque on wheel radius 2 mas shown? 
. 10M 


» 
B= AB CosB0° = AB (0.174) 40174.AB 
Now Put @ = 100°, we get S 
AB Cos100° = A B.{2P1174) = -0.174 AB 


Tf they form a closed ridale 
R= VAP +B x@AHC0s8 


PutR=B =A 


MATH AF TAA Cos8 
A et 
APS. 242(1 + Cos8) 
A= 2(1 + Cos8) 


|S 0nan) + xnewen 
| > mgr) + (mg xn) = (me xn) 


When x component, 
lies in 4 Quadrant, 


nod _£| Aniclockwise torque = slckwine torque r= 0 


i Rownitaal 
Pe AB cos = AB Sin 0 
man 
tand~) 
O~tn'(1) 
ond 


10Nm “Tew, torques = nF 
slockwise aw, torque = r.F = 2x 


Band © as shown in figure, itis clear that sum of the 


x first vector godacides with the head of the last vector, 
pear heretaans voscr nrtotan wil tes aalvece, 


‘ 
‘obtained by dividing a vector with its magnitude. As both vector and 
(spl beer aa 
_and R have no units, They 


are anti-parallel (0 180°) then their scalar product is negative. 
R.Bw ABeosiso" 
= AD (1) ™-AB 


bdy is pushed against the along the ground, then force af friction 


Ye aa ares tr te hea wok 


‘then product 
(@= 90) teach oer ek —— 


‘of their vector product will be 
Incase ofpaniiivectrs 
ABsINO"G = AB(O) A=0 A= Oc 
‘So, in this tude of A x B is 
Oe ca fpr taal 


Ax Bm ABsin 180" 6 = AB (0) F a= é 


force is example of central fores. Since Gravity 
force, Moment arm (Displacement between earth and.gwellite) i.e, radiue of orbit makes angle of 
tational force : 


that central force can not Apply torque on any body 
Oo ororce 


Vectors, Give five example of each. Also with the 
: a one help of an oxamp 


will give resultant of the magnituds equal to individual added 
Componenss of 6 sacior sean? tapi aidan (vectors by 


‘solution steps of a numerical problem of equiibrium. 
First draw vector disgram for all forces involved i feeblem, 
their rectangular components 
"Apply 1" condition of equifibrium ic. ZF =@ 


“Then apply 2! condition of equitibriumyi‘e, ¥: + = 0 (if required) - 
ssolVe the obtained equation to 


LL 
3 
‘of ball will make an angle of 25,6" with horizontal [i.e. wal ation of bus} 


-ball = V = 21sec 
‘with x-axis = 0 = 4° 


[equation (4) in equation (5), we get, 
‘[Versr (0207 JN 
VET524+ 14400 JN ~[ Via8524 } 


121,961 


! Conceptual Short Questions With Answers 


at 100 km hr’ at an angle of 60° with the ground. Then 
on the ground the sumis just above the at noon? 


j ee ee ee en ead owe ete So, we are to. 
‘le, Vis the velocity ofthe projection 


ane = V = tee 


Nahe + ZNOM = 45"+ 45" 


By end (4 ~ B) are parpendiouter to each other, « 


. 5B) and (A ~ B) are mural perpendicular io cach oe en 
“ESE 
(A+BK-B)=0 


case D. 60° 
them log {%° Vectors Is 23 and the magnitude of thelr vector 


1B. 60° D. 1208 wm 
; . (5 1 
rr rn taney at St han 


x ANNUAL 2017) 
©. Coordinate Axis > Psseanguar components 

be: 
(SD, Three 


INUAL 2018) 
D, Positive 
(ANNUAL 2018 
D, Abaca? 
(ANNUAL 2018 
DN 
ANNUAL 201K) 
=O B, jximt ‘ cj D, jxink 
[ Malka frat 30 km north and 2m suet, The magnitude «ofthe relat vector es 
B.2246km ©.25.29 km 1D, 20.36 km 


is correct; 

C90" D.o 

which of the lait ie NOT correct? 
u D. 


(C)8.86N 
ant of two Vectors of 6 Nand & Nat right angle Ia: 
IN (C)14N (oy 10050 


. =LaB than an angle botween A and @ ls: of 
(c) 60° 


(8) 45" 
oF rotating with uniform angular velocity, 
(8) Negative (C) Zero 


r ai 
Bive short answers of following 
jagnitude but diferent directions to get 
2 nonzero vectors, can their scaisr product be zero? And how can th 
that ia onfas crested toward the ware point Can a cena free 


ght 6 N can be supported in @ horizontal position on # sharp é 
J trom Its ends. What is the position of point of balance? 


> 


approach ie equal to the 


oe 
‘with respect to an observer if if changes its podfien 


¢. Rest and motion depend upon the state of the Obeerver, 
s about the state of motion or rest, 


reas the same object is et rest with res 
“This, the motion and rest are not absolid@) This 


“of the observer is important while infeedgig about 
fhe port nee about 


‘displacement 
‘body hes displaced. 


body at any instant of time is called instaxtaneous acceleration. 
OR aS 


JJellowing the time t, approaches to zero ts ¢ 


then it has retardation or deceleration. Under this o 
direction ic. (Gantt //@). 


: ntity, it has a direction associated with it. The dire 

son two things: 

ae. or slowing down (velocity decreasing) 
defined for displacement. 

‘X-axis, velocity is taken positive and towards teft or along 


Tt shows velocity Is decreasing (body 1s. 
as slope decreases and acceleration is negative: 


Displacement is decreasing 

constant i.e. uniform velocity? 

negative direction, object\hlas not only approached the 
feference or starting point but also crossed it. 


> 


te instantaneous velocity? . 
instantancous velocity is obtained by makingthe time 
orier (mathematically we say that the limita which time 
‘time graph. 


which represents the varigiioof velocity with time is called velocity-time graph.” 
of Velocity - time graph 
-time groplre <* = Acceleration 
ocity ~ Time graph is €qual to acceleration. ‘ 
i be calculated by finding the slope of a tangent to 
point on the curve, as shown in Fig, 
{graph gives distance covered by the body. 


A. Velocity is decreasing 
B. Retardation is decreasing as slope is decreasing. 


‘A. Velocity is decreasing 
B. Retardation is increasing as slope is increasing, 


Infinite acceleration 


ithe Motion Using Velocity — Time Graph 
Velocity time graph of an object ay shown, 


'A10B, its velocity is increasing and it has uniform acceleration (as its slope is: 
gu Mt _ 2 20 
D 


15 ms“ 2. 
has negative ee 


67 ms 


-wholamotion Is equal to slope of line from A to E 
oS 


body is moving with uniform acceleration along a straight line. 
‘velocity is vj and after time interval tits final velocity become vs 


(i) S=wttpar 
“asav? v8 (iv) S= 


BTS TaEH thoes ‘equations in ectianes 
‘These equations are useful only for finear motion with Sniform 
acceleration. 


LH) 


When the object moves along a straight line, the directigihdt motion does 
Mot change. In such cases, all vectors can be treated like salar. 

Tn problems where vectors can be treated like scalaré, the direction of initial 
‘velocity is taken positive. 

A hegative sign is applied to all those quantitiés Whose direction 1s opposite 
to that of initial velocity. 

‘The above equations can also be ane to free fall motion of bodies 
Teplacing ‘a’ by 'g” 


‘Acceleration due to Gravity (g) 
(Ui cheeaied of air, all ates Sreely near the surface of earth under 


the action of gravity MS weal acceleration called acceleration due to 
gravity. Itis denoted b 


Mis average value near 1 ce of earth is taken as %.Rmv/sec* or 32 fs". 


shot up, retums to Its starting point in 10 sec. Find its intial speed? 
i (8) 245 mvs 40 mvs 


© 
0 that it travels straight up In lr and it requires 3 seconds to reach the maximum 


(©) $6 mis 


we of motion, 


fare three laws of motion given by Newton: 
Newton's Firet Law of Motion / Law of inertia 
‘Statement 


“In the absence of external force, A body at rest will remain at 
ret and. @ body moving with uniform velocity will continue to do se. 


This is also known as law of Inertia. 
Mathematically Fy." 0 then a» 0, 


‘The property of a body due to which it tends (0 malifain Je state of 
reat or uniform motion is called inertia 


OR 


Tt in the opposition offered by the boxy 10 anixehange in Ite state wither 
cor af uniform motion. 


At Is & natural resistance to segaleratlon that all objects have, The 
‘(Greater the object's mans, the grenter this radirance, So, 


The mane of the object 1s a quuatitative measure af (ks Inertic 


‘The larger the mass, the grvater:th.the inertia, Ax greater net force is roquired 
to chango the velocity of objects, vith large mass brates ide 
@) 


back in your seat when an airplane takes off, It i due to 
to remain in rent und feels get back prenwed with the seat, 
{s smashed againat the windshield if your ear suddenly stops 


‘wall, Due to inertia, driver continues its motion ti 
ts the windshield, : 


» When two bodies interact with each other, 

reaction forces act for the same length of time, 

» They never act on the same body but always acy on 
different bodies, That's why cannot balance each other, 

Ifa body A exerts force Fay on 


body B then body B exerts the 
Teaction force Fay on body A which is equal in magnitude but 
Opporlte in direction, so mathematloally 


Fan == Fon 


wotion and 


4 10 etvstons where speeds ore Hd) 15 of 
tran 2,000 kms. Moat ings we encoun day 
i 59404, Iharafore we Gan aate'y apply Wawion's laws 
However ey were retined further at ne veginning othe 20 
developed rs theories of revi rs 
Newtonian meenaries wo be appine Wo al obs 
of 


acerant 'm,' is 14000 kg and 
‘iw ie 92 kg. In addition, 

ushow with a force of F = + 36.N 

the spacesfaft. Find the accelerations of the 


‘961 Ung Wwe eneoUnta’ In dally 
lite mave mudh slower than this 


3" law magnitude of foree on both is same but opposite in diveetion Le, Fyeety 
Fye6N and Yy=-30N 


of spacecraft a: 
_—_Fromnewions, 2" aw, ay fe 28 « 0.0099 me“# 


A as ay Ee Bis 0.39 met 


Eatity, $0 momentum is also a vector 
tion is same ms that of velocity, 


‘initial momentum of body = B, 


fla! momsatum of body « B 
Beh 
t 
e 


‘rate of change of momentum of body is equal to the applied force.” 
Bene fr of Neon reson egy ochon Noses ca nea) be else ea 
mass ix changing. < 


" Pact eahl of Is called roi foe 


of mass 48.0 kg le reecuod from bows by leaping into a firefighters? 


from which sho leapt was 12.0 m al in the not 80 


era ces melon i sie vuel «soon epee 


oyna collection of paces that can Iterct with each oer but whore 
‘environment ouiside the collection have a negligible effect on their motions. It Is 
‘external forces like friction, ait resistance or any other forces don't have eny affect 


of the 
positively 
‘occurred, 


s(u 


ng equation } by equation 2 we get 


(a, +v.Xu,v; 
i.) 


Thate eas 


= Miva — Myth = Mav2 — Mth 
) > mals — My =m; vz +m) Vr 
++ (m3 = my)u2 = v2 (m; +m) 
(—2m1_) 


‘@ car of mass 1800 kg Is stopped at traffic signal. A pickup of mass 
from behind and hits the stopped car:Assuming the collision i 


before the collision? 


lastic, the ple 
collision and push the car aheadonto the highway at 10.0 mis. How fast 
‘of Car =me= 


100 kg 
of pickup = mp =2000 ke 


emis conserved. The velocity with which gun moves in. 
it »s 


Pr=Pi 
Mp Vp +My vy = 0 
Mp Vp = ~My Yo 


MOON | 


aco pj: <omponentsae 


‘ysin 0 — gt 


AVivicos OF + (Hsin 0 = gt 


ity 
‘Velocity makes an angle ¢ with,tke horizontal, Then 


2 dmorwional ‘imensionsl 
Figs manne atnangt 


s Par of angles te range of 
(6) 16°, 60" 


(oy.90" (0) 140" 
te thrown upward with the velooity *w" making ani angle 0 with the hortzontal, the maximum hartsontal 


, 
(0) Ye einao 


Ne conilant 
projection ite maaimum nelght and horirontal range are equal: 
2 ~») (0) $0" oo" (©) 70" 
rm itis vertially above the target. I misses the target due tai 
of vloty (0) Vertical 


‘8 Body produces an acceleration in the direction of the net force, en 
portional to the force and inversely proportional to the mass of the body: 


Ig an equal and opposite reaction force. The action and reaction forces are 


convenient 10 physical 
the product of an average force AF and the du 


‘The velocity time graph shows the motion of 


bloyeliet In @ straight line, (a) From the slope of the 
Qraph calculate the acceleration of the bicycl 
between segment A and B, 

and E. (b) Calculate the 

bloyelist, Also (c) Plot 

for this motion, 


Solution: 


(a) 


(y) 


‘The ncoolerntion from point A to 1 can be calculated by measuring the 
slope as 


1S m/s 10 Ws 


ee nneminiim ra 

‘The acceleration from point C to 1D can bs culculgtea 

Therefore 

Similarly the acceleration from pojnt-yd fo E oan be calculated a» 

Eve, su _ 

‘Therefore 

The average ncceleratian Gan be calculated by mensuring the alope from polut A to fas 


5 m/s=0 
a b= Os 
<dain points are plotted on acceerstion tine graph by choosing suitable seale we get the curve i 
A (Joint Fightor-t7) JF Thundor 47 alrcraft takes off at 70.0 nva (282 km/h) C4 
aocelerating uniformly at 3,00 m/s" from rest that laste 0.6 6 during the initial al 
takeoff, The after 


Urner engines are then turned up to full power for an acceleration 
1, Galoulate the length of runway needed and the total time of takeoff 


weveleration ‘a)" for phase 1 = 3,9 m/s? 
for 


‘svoeleration 1A vet 
te “ty for phase 16.5» 
final veloolty "vq" for phbwo 2 «70,0 nv’e 


Pig ot =? 
“(b)time of ket» ? 


a 
Siew that 
values S;=0%5+43,9 «(6,557 


by ing second eqution of maen 


8 ods, 9 rvs * 42.2542 
Therefore gi 123878 
“The final velocity at phase 1, can be calculated by using first equation of motion 


Ya Va + ait val = * 
i lues v v= O mvs + 3.90 mis? » 6,55 


For second pha of take-off, the distance s can be chlouited by using third equation of Ee 
¥ 
MSimvinvi ond Pay 


The final velocity yn" By phase | which 125.35 sv wi bo in velocity "va" atphae 2, therefore 
view? 


era Putting values $, = {220um4y' = (25.35 m/s? 


2x7 ve 


42573775 mile 
Or Se and 8) = 299.8153 m 
$; = 299,8m 
For second phase of take-off, the time ‘t' can be calculated by upitig Tirst equation of motion 
Va" Vat tah or Ya~ Va" aah 
=y, 10.0 m/s 2535s 
Op nN Parting values = 


Hence t, = 6.3 s 
‘The total distance covered is S = S\ + $; 
Putting values S = 82.4m + 299,8m 
= 382.2mi 


length undeptheso conditions is 383.2 metres. 
+4 


Putting values t= 6,55 +638 


ce the total time for takeofY under these conditions is 12.8 seconds. 


Hassan and Umar are standing face to face on ice wearing ice skates. if Hassan apply a 
force of JON [E] on Umar (Assume no other opposing fore ), what are thelr 
accelerations? If mass of Umar is 80 kg and Hassan Is 60 kg. 


; 25 mie [I 
at on Hasan wil be equa and oppate (Le.-10 N[E), 


Soo eae 
ante syn 02 RE ie) 


by the bat. (b) Assuming 
jerted on the ball by the bat 
Data: 
‘mass ‘m’ = 0.163 kg. 
Anita veloeity * : 
final velocity ‘v/ = 447.0 m/s 
time of contact ‘Ar’ = 1.6 ms 1,6 « 10° 
Require 3 iv 
Impulse applied *)' = 2 
Average force exerted F.. =? 
lon; 


@®) 


the impulse-momentum relation J = myy— my, 


}7.0 m/s) ~ (0,163 kg) (~36,21R/8) 
fe +13,5616 kg mvs 


() The average force can be calculated by using equitlon J =F, 
713.6 


on Kt 
putting values F, 


ina nuclear reactor ¢.neutron of mass ¢ u (1 u = 1.66 x 10” kg) moving & velocity of 
2,000 km/s to the.right and a heavy water molecul # 20.0 u moving with a velocity 
of 0.40 kms to the feft collide head-on, What are the velocities of the neutron and wall 
molecule atter the collision? 


iw 

‘Mass of water molecule m; = 20u uy uy 

‘Velocity of neutron before collision u; = 2000 km/s o— “4 
Velocity of water ‘molecule before collision uy = 0.40 km/s 

ToFind: > 
‘Velgelty of neutron after collision vy = ? 

‘of water molecule after collision v; = 7 


<a No "kg’ as wo only Want to compare these values, 
Forhoad on elastic colton y= fUiL=h,, , —2mu— 
Putting values vi "714-429 y) 2000 kimi + 
Or vy = 1809.52 kas + 0.76 ev 


head on elastic collision 


putting values vee eS ay 2000 eft 30 9.40 kv 
or ¥p= 19048 km/s + 0:38 kmvs 
therefore 


A cricket ball Ie hit and moves initially at an anglo of 36* above the horizontal 
with a velocity of 28.0 mi ) How high wl the ball go? (2) flow long wl the Balle in 
the air? (c) What will be the range for this projectile? oo 


(a) Maximum height *H 
(b) Time of ight 'T" = 
(6) Horizontal range ‘R' «7 
Solution: 


‘The maximum height H for projectile 's mathematically written as 
eM paring ater v= CSO Ete 
Therefore 


{b) Timo of Might for Projectile is mathematically given ax 


“aad 
(6) The Horizontal Range R for projectile is mathematically written as 
visio’ RENE 
Re potting values R= J2S9e1 * (olga = 35°) 


26 (ams) 


Therefore (R=52.90) 


sore ele @eoroe 


Text Book Exercises 


Select answer of the following questions. 
Soran anewer ” ae 
mA vertically upwards at 19.6 mvs, For Its complete trip (up and back down fo the starting 
‘average speed It: 


Ite 
9.6 mvs. B.9.8ms, C.6.5 m/s, D.49 m/s. 
ball downward, then Its acceleration Immediately after leaving your hand, assuming ao alr 


B. more than 9.8 m/s? 
1D. Speed of throw is required for answer 
C. Acceleration D, Power 


‘The area between the velocity-time graph is numerically equal to: 
te aleve roPh praaly deren tenth body sad to be movlag with 
ieee cones edo C. Uniform velocity D, Zero acceleration 
‘A 7.0-Kg bowling ball experiences a net force of $.0 N, What will be its ncceleration? 


ASS mi, B70 mF C.$.0ms' D.0.71 mist 
SL unit of impulse is: , ; 
Akg ms? B.Ns CNG D.Nm 


A ball with original momentum +4,0 kg * m/s hit 
Adnetic energy. The change in momentum of the ball i uD 
AvaNe B.-4Ns C.+8Ne D.-8N¢€ 

‘A body is traveling with a constant acceleration of 10 m s', If S; 1s the distance travels ia 1" cond ands 
Js the distance traveled in 2™ second, which of the following shows « correct relation between S; and $y 


wall and bounces straight back withaug 


AS|*S) B.S, "35, C.8,=35) D. 28; *3 8; 
During projectile motion, the horizontal component of velocity: 
A.Changeswithtime —_B. Becomes zero C, Remains constait D, Increases with tne 


A projectile is thrown horizontally from a 490m high cliff with a y#lovity of 100 ms”. The time tales jy 
Projectile to reach the ground is 


Ass B.5.08 C754 D108 


A projectile is launched at 45 to the horizontal with an initial kinetic energy E. Assuming alr resistances 
be negligible what will be the kinetic energy of the projectile when it reaches ts highest polat? 


AOSOE B.0.71E €.0,70E DE 
To lmprove the jumping record the long jumpet-#bould jump at an angle of 
A.30° B. 4s" C. 60! D, 90" 
Range of & projectile on # horizontal plafibii same for the following pair of angles: 
B, 43° and 4? C. 20° and 80 
ANSWER 


D, 52° and 62° 
EXPLANATION 
Y= uy +gt 
2 0= 196~9.8¢ 
vast 
= tas 


So, total time of travel on both sides 
T#2x2=45 


Distance to reach maximum helght 
Sevit+ zoe 
$= (19,6)(2) +3 (~9.8)(2)* 


S 5=39.2~19.6=19.6m 
So total distance covered on both sides 
© $#2%19.639,2m 
‘Average speed is: 
total 


(45 no energy is lost ie. ball bounces back 
AP = P)— Pi =-4 -4 = -8 ken 


meh Oana 
Sun = 4 0 ye? ~ tyes?) eo anor 
%=56-1)=sxs0 \ 35, 


short Answers of the Exercise 


riding on a tr Speeds past another train moving In the same direction 
track, It 


i adjacent tt appears that the other train is moving backward, Why? 


ERED Ts he to elive motion between the wo tains. 


ir i invest wert. your train. So, when you look outside Dio 
‘When you are sitting in faster train then you are in rest ws. y ea rok oh 


‘window then poles. trees etc will appear to you moving in the backward directis 
‘you). Similarly, when you cross the slower train then that train will also appear to you as losiig the ground ig. 


moving in the backward direction, which will indicate that other train is slower than yours, 
Ga Can the velocity of a body reverse the direction when acceleration is constant? If you think 


ane) . 

TMH Les it can be possible 
‘Example: A 
‘When a body is thrown vertically upward, its velocity goes on decteasin | 
land becomes zero at the maximum height. After that. it will, reverse 


Motion 


‘Velocity, but the magnitude acceleration remains constant diiting whol 


QS When you stand still on the ground, how large a force does the ground exert on you? Wy 
doesn't this force make you rise up into the‘alr? 


TEXIER When we stand on the ground then we exert fore® of ground equal to our weight 
P=W=mg 
This force sets as action on ground. Aceordiig to newton’s 3" law, ground exerts equal but opposite reaction Bi 


this reaction is just sufficient to keep is standing on ground, 
This reaction force can not make 36 rise in air. For that purpose, upward force must be greater than Out Wal 
Tis favs F p nust be greater than our mee 
Q4 Aman standing on the top of a tower throws a ball vertically up with 
certain velocity. He al$0 throws another ball vertically down with the 


— ‘speed. Neglecting air resistance, which ball will hit the ground f 
RTE Both the ball ir Wie ground with same speed. Tomes oe 


‘The’ a ‘thrown uy 
is vertically up with velocity v, will have 
ra Soe pees hess So the a ha ee aad prec no 
re iit the i 
a es ground with same final velocity, 
Le VEN CEDT 
‘Asy hand gis same for two balls therefore vis also same. 
Q.5 The cricket coach explains that the follow. 
through 


Follow 
distance. 


Explanation: 
During the follow throus, the Bai in contact a 
Dura th ge in nomena ea tc imp * ON", According to impli 


jeFxat => Jnap 


sn singel prs, 
‘Conserve the momentum, ‘balloon acquires momentum \ 
aicunder te effect afreacion freee Penne Pon om 
are designed to have zones" 
of this new design?. 
: © bumpers are made in the cars to reduce the free during an GWEN 


? x 
pat ¥ 
an accident, Aik and 
be a ee te wt etn te hence 
Bi ay that cumple one hats ery ig ha olson, peng wil fl ee jk 


‘match, the time of collision between ball and 
go larger distance 


80 force will be greater. 
tic fea init fe eh re ten, Nj tm ‘maximum range when it is hit 
45° with the ground le 9 ericket rmatch, this angle is possible easily to achieve but i is dificult to 


Se ee TC 
it will strike a point abead of the target due to ¢ 
miss the tgs. The bomb moves Ike a projectile 


‘What is range projectile, Tn which condition the range will be maximum if 
: projection ire constant ce ‘uniform gravitational flold. Also show that there ang 


(EGER See Qe 24 and 25 


PSogrorce 


NUMERICAL QUESTIONS 
1 


n object is falling freely under gravity. How much distance will it travel in 2nd and 3rd ‘see ong 
ofits journey? 

Given data: 
Sma=? 
Sra=? 

To Find: 


To find the distance in a specific second for a freely fallin 


Suan = 3.9 tnen? — (te 
Distance covered in 2™ second is: 


Distance covered in 3" second is: 


2 A helicopter is ascending verticallyat'a speed of 196 ms" 


When it is at a height of 1564 
above the ground, a stone is droppad. How long does the stone take to reach the ground? 
Given data: 


Initial velocity of the helicopters vi=19.6 ms“ (upward) 
Net vertical distance coverediby the stone = s = -156,8m (downward) 


(There is negative sign, being displacement opposite to initial velocity) 


geen ein g=-9.8ms* 
To Find: 


Time=1=? 
‘Using the foljGwing equation of motion 


Sey, BF, putting the values, we get 
2 


cha ask cone 


sino 
19.6 ~ 156.8 =0 
ae At 32)" 0 
1 At~32 0 . making factors , we get 
+at-32=0 
1-8) 44-80 


OR t44=0,t=-4 sec 


= 


| 160050300 


eae ay} Bape 8 m/sec 


28) m/sec = (2668+ 12m See 


EE 
Aime of flight is given by, 
7 (3) 


‘ 
Pang the vale in equation), we ae 
= 50 Mie 

a OS a a 


TEXT Player does so because it will allow him to have greater time for change in.mSmentum, 


Since F=AE (41 becomes greater) <> Fx 
Ar 


forve on his hands, 


] v4 Sin’o 
He 


G 
Of 48°, height of projectile will equal 
Ca Ca 


‘ D. remain sume 
©f moving object Is doubleg ‘hen which of following quantity 


B. Kinetio nergy ~ —C, Potentia) energy 1D, Moenenitumn: 


¢ of projectile ie half of ite maximum range then angle of projection is — 
Bas oO} 
ie 


, acting, Velocly of Vehicle 
algerie cn are tm +r tm ste poe at ey 
Cm Dime 


(iu 2008) 

. Random ©, Absolute D, Relative 

‘The change in position of a body from initial position to final position Is calied: sm 
A. Displacement 18. Acceleration C. Position vector D. Veloovy Ka) 

‘The notation delta (A) is used to represent a: wut 2098) 

A, Snail change ©, Zero change D. Very sam hange 

When & block of wood of mase 2 kg Is pushod along a horizontal flat surfvée of a bench, the 


force of frlotion is 4N, When the block Is pushed along the bench with & fofce of TON, It mov 
with @ conatan (ANNUAL 2048) 


‘A. Speed of Sms’ 1, Acceleration of Sma” C, Acceleration of Spe, Speed of Ime 
A projectile Is thrown #o that It travela a maximum range of 1000m, How high will It rise? 
‘A, 400m i} aa C.1000m D.250m (ANNUAL 310 


takes 1 hour to km along @ main road and then % hour to travel 20 km along & 
ee jpoed of the car for the WKole Journey? (ANNUAL Hm) 

B, 70kmh ©. 80k" D, 100kmh* 
Rate of change of velocity Is called = YANNUAL 8019) 


A. Speed B, Distance C/Kooeleration D. Divplagement 


(C) 6.5 mis. 
from a 490m high cliff with a velocity of 1 


 (8)22 (c) 15° 
ithe Velocity Time Graph remains constant then body.ts moving with: 
city (8) Negative Vartalé Acceleration 
(D) Uniform Adedteration 


40 N acts on a body of mass § kg for one.gedond, what Is its rate of chang 


(8) 60 kg ms? (Cc) 54pms? 
‘of mass 2 kg moving with 15 ms ~* collides with stationary body of samen 
Collision the 2nd body will move witly she velocity of 
AC) Zero mis 


{8 stopped at traffic signal. A pickup of mass 2000 kg 
‘car. Assuming the collision 
highway at 10.0 m/s. How 


tis the dot product of force and displacement 
We=Fd (o*) 


tk done on a body by a constant force is defined as the 
‘of magnitude of displacement and the component of & 


 W= (Fos 6)d 
‘constant force is applied on a body and it covers 
im the direction of force then work is done: 


‘constant force F is applied on a body at 28y 
ce into its rectangular component FFs jos and Fy = F sind, 
component of forve Feoethie 2 long the direction of displacement d and is responsible to 


then work done by gravitational force is 
its direction is opposite to displacement, 


om the ‘cota Er abled force ic. 


applied force and 
no work is done. 


Ina nearly circular orbit, kept 
by the Earth. Does gravity do (a) 
‘no work on the Moon? 


—— al a ted eed —) 
PHYSICS ~ Xi (Subjective) 
—— 


= 40° nh ciaptacemers F UNen Rnd the werk cn tha bexty? 
i 
m 


itatlonal field and gravitational field strength? Show thal gravid 
a etive field. Lag ig 


snow that in gravitational field 
}) Work done In gravitational field is independent of path followed. 
Work done along @ closed path in a gravitational is zero. 


space around the earth in which its gravitational 
ve acts on a body is called the gravitational field. 
Jenow that a body placed in space surrounding the earth 
siences & force which is equal to its weight and is 
sted towards the centcr of the earth as shown in the Fig 
“46. This space around the earth with in which it exer 
pree of attraction on other bodies is koown as gravitat gh 


onal Field Strength 
the gravitational force per unit mass on a 
‘gravitational field strength, 
feiical Fits Steagh = Soconai nib 


RY 


Fig'4 & grevitnsonet teld around me earns 


‘S independent of the path followed is called conservative field 
done along a closed path is ero, i called conservative field. 


| 

in gravitational ficld, as shown in Fig. A body of mass m and 
from A to B and then from B to C. Now, we have to calcula 

closed path: 

‘A’ ane 'B’ will be: 


trl ray 
Teron ity of olectrical energy ix kilowatt-hour, 


Kowa our In the work done in one hour by an agency whose bower is 


Y! THEE oover tly maintained by an agency for } haie-Yhan energy 
conrumed will be 1kw 
80, TWh = 1000 W » 360 ee 
1000 J/sea * 3600 seo 
= 3600000 J 
= 3.6 10) 
1kWh = 3.6MJ 


the terms: input, Output, efficiency for a . 
implication of energy losses in practical. 


ja device for multiplying forces or simply on the 


hin ihebe do diferent types of works easlyeitteduces the 
wnderlying every machine is the consersiglion of energy. 
Machinies: » 
done on a machine by a effort (force) is called 


“Dyy’ then work done on 


= effort acte 
Da 
machine on the load (weight) is called 


‘ Work done= me, 
wang Ym? 
Sones nfm! 
= final KE, ~ inl KB, = change in KiB, 


Miational potential energy of an object at a certain positic ‘the 
In displacing the object from that position to Infinity » the fo 


OR 
work done in moving the body at a certain point in thé pPavitational field to a pas 
such that body ts never accelerated ls called absole°E. 
of Absolute Pe < 
Let n body of mass in is displaced in space fom pl 1 to N in the gravitatlonal fel 
a ition does not remain constant during this displacement. 
aviiaional force varies invervely to the ¥quare of the distance from the surface 


i 
a) 
‘move away ftom surface of earth, 
ne ty yravitational force, the distance between 1 to Nie 
that the value of f wins constant for gach; 


ce of ces te cia a sath 
int | from the center of the earth 


——8 
during 1" step is, 


For Your Inforn 


[sore exes eos 


b. Radius of planet e. gravitational acceleration g at that planet 
esa ero me of by wd ma of prjection, 


. a one 640% 


‘Conservation of mechanical energy 
The KE and PE are the different forms of mechanical energy. 
~The total mechanical energy of the body is equal to the sum of 

KE and. P.B. 
PE may change into K.E, Similarly, the K.E may also be 
‘Chang into P.E, but total energy remains constant. 
‘Mathematically, 
Total energy = P.E, + K, E.= constant 
This is the special case of conservation of energy 
Need of New Energy Source: 
Tn daily life we observe many energy changes from ong:férm to another. 
‘Al last all energy transfers heat the environment which is us 


So, 
Usefull energy is decreasing though total energy is Conserved. That is why 
‘We need to develop new sources of energies 


Consider a person on a sled sliding down a 100 m long hill on a 30° incline. The mass 
‘and the person has a velocity of 2ms* down the hill when th: 

person traveling at the bottom of the hill? (b) If, the velocity 
because of friction. 


'ey're at the top. (a) How: 
at the bottom of the hill is 10% 
How much work is done by friction? 
° ~ 
Velocity atthe bottom vy <7) 
Length of hill L = 100,nf den height ofthe hill can be calculated as follow 
h 100 sin 30”= 100 x0.5 = 50 m 
at the bottom; 

= PE+KR 

= mgh+%mvy? 

= m@gh+%mv) 

= Aghs%mv’) 

= 2, sh + vi =2x9.8 x50 x2*= 900 +40 =o840 


fre the most commonly used types of non-renewable 
decompose plant and animal mater was buried in the cat us. This proces czar 
of years, The three main types of fossil fuels are coal, oikaid natural gas. 


V 
€ most abundant fossil fuel in the world with an estimated reserve of one trillion metric tons. 
slowly formed over millions of years from the buried remains of ancient swamp plants. 
ent types of coal resulted from differences in the pyessure and temperature that prevailed during — 


rate, the current reserves will last for more than 200 years. 
ificant atmospheric pollution. 


nnn os ofthe mide et otis cha Sai Ara, Kuwait, 


de out of dead plants and animals that had lived millions of years ago. 
resi corees wit tek yes of tal ens eek cl 


Gesocess for making ammonia fertilizer 
of natural gas reserves is about 100 million metric tons. 
tusage levels, this supply will last an estimated 100 years. 


S 
‘power plant, fission takes place inside a reactor. P o 
Gelear power in Pakistan makes a small contribution to total electricity producisiand ea 
‘Supplying only 6.1terawatt hour(s) (5.5%) of the electricity in 2015. bh? 


The ‘resources which are being continuously renewed By nature constantly are called 
~ Renewable Resources. 
® Non-Conventional’ sources of energy are also called Renewable resources. 
§) The sun, the winds, tides, geothermal energy, biomass; fart and animal waste including human exert 
ate the non-conventional sources of energy 
> They are inexpensive in nature. 
These are such energy sources (The sun, the winile, tides, 
Waste including human excreta) not very comihjon these ¢. 
Will contribute substantially to the world energy der 
~ conventional energy sources. Ae) 
_-& Some of these are introduced briethy bere 
cS 
Wed from plants and animals, and it is a 
fomass is matter usually thought of as garbage: 
ing around -- dead trees, tree branches, yard 
‘wood chips, and bark and sawdust, animal dunk ete, 
from factories and from farms to a biomass power 
paved into a furnace where it is bumed. The heat is used to 
boiler, and the energy in the steam is used to tum turbines 


kcothermal energy, biomass, farm and anim 
‘ays. However, it is expected, that these 
‘mand of the future. These are called 106 


‘Scotland's entire annual electricity 


radiant light and heat from the Sun that has been 
‘since ancient times using a range of ever evolving 


s 
Energy Agency, global capacity of solar ROsAad reached 
nd of 2017, - 


A 
indicate that solar energy is the best renewable Snergy option for 
ich as price, operation and maintenance costs and Iffe)span. 

with 


Wh m* d" solar exposure with anqual mean sunshine duration o 
FIGURE 4 


{convert the kinetic energy into m&Ghdnical power 
nt of 100 billion watts per year af piwver in the shape 
is available on the earth. “S. 


in tube wells or flour mills. 
regions of Sindh and 
than 20,000 MW of 


Energy from waves. 
Energy from biomass 
Geothermal energy ~ 


the power required of a 1400-ky car\under the following clreumstan 
the car climb $0" hil {fairly stoop hil!) at @’stwady and (b) the car accelerates: 
level road from 90 kmh” to 100 kmh” In,6,0° te 

[retarding force on the car is throughout, 


MOOKg, angle of climb = 10", inital set’, 90kib", final speed vy 110 anh", thet 60ee 


Ais car mus, by Newton's second law, exert a force Fequal 
700.N, and: jpanent of gravity paraltel to the hill, mg sin 10", Thus 


ng ln 
Ba seis (x10 osi00xe 
‘nd Is parle! to then the power in P Fv.» (3100 N) (22 mel) = 


Pras eo 110 nk the 
iste pe vii sa 


He= 1000), mass m= 10kg, distance d = 6.0m 


‘efficiency h = 9 


the work done to raise the block: W = mgh 
BX 98 m/s? » 6.0m = seas 
j= QuiDutwork 1006 » SH 10 


iow 
Input work 


18% = 59% 
# are complicated form of pulley systers, 


Compare the esca| rocket launched from the mmon with Earth, 
‘of the moon Is 7.35 * 10” kg and the radius is 1.74 x 10° m. 


Mass of moon = Ma = 7,35 * 10” kg. 
- Radius R= 1.74 x 10m 


Speed v=? 


: 67 *_10°'N, m'/ky i 
ven U6 Naha =2370ms 


Wotice that you can escape from the moon by traveling much mare slowly than you must travel 10. 
avitational pull of Earth. This is why launching a Lunar Mo@ule from the moon's surfhce was s0 much ® 
than lunching an Apollo spacecraft from Earth. 


A ball of mass 100 g Is thrown vertically upward peed of 25 ms”, Ifnoen 
Jost, determi " 


ine the height it would reach. If the ball only rises to 26m, ¢ 
‘work done against alr resistance. Aiso calculate the force of friction? 


© Friction = f= 
Speed=v=25 ms" 


»k Exercises 


‘FAH p at @ Constant veloelty. Only four forces 
nal & constant vloty. Only four fores wet on the erate Which free 


Bi. The force of gravity. The notrnal forve, ©. The force you pining. 


Of a Wire Is k and 
same distance, it work donc ane wa ae igh a wire is 3k when both the wires are stretelied through 


AW)" W BW, = OW, CW) 3 W, 
i 3 W) D. Wie) 
5 Bop velocity ow the surface of the earth ts 11.2hans" Ifthe mans of the earth ineretsiy to twlee is 
‘and the radius of the earth becomes half, the exsape velocity li 
A. S.6kinw B. U1 aka! C.224kms" DA) 6ksns* 
4 Anexaniple of won-consorvative force it 


A. Bleetrio force 1, Gravitational Force ©, Frivtlanal foree 1D, Magnetic forve 
‘When the speed of your car ts doubles, by what fuetor does its Kinette ehdrgy Inerense? 
ad 82 ca Ds 
6 Owe horse power Is given by: 
A146 W B, 746 KW 6.468W D460 
%—— Work ts said to be negative when! and d are: 
A. Parallel BB, Anileparallel Perpendicular D.atas® 
BK Tro bodies af marses m, and my have equal mompatiiin thelr kinetic energies 8 
Ada J, Bisni my C. my: my . ent fen 


HK Tha atmonphere ta held to the earth by 
A Winds B, Gravity: ©, Clouds D, The rotation of eatth 
H —Hemonenium is tnereased by 20% (hdn K.F tnerenses by: 


ron Be 6.060% bm 


HEF tHE KEAN of » body Weeomed Mile tienes of the Kaltlal value, then mew mmormentuan willy 
A. Deore twive II lot value A. Become three tines, Its initial value 
tines, Initial value D, Remains constant 
a epee inatie energies tu the ratio of a 41 1 are moving with equal linear momentum: The ratio 


Of heir vanes 4 Gait Dalia 


Blt 
kg ia moving with a moun wen Of 10 kg ms", A force Of 0.2 N wets on It In the direction of 
body for 103: Ineroae i Mn ney 
baad ‘ 
‘aud dioplncensent of particle inthe direction of free are doubled. Work would bet 


C. Malt 


Gatianivaie ie inet Mm = BPRS kext 


For second spring, wo oan write as; Ws = 4 Fone. are i) 
° 


Vere ™ 


Since M!» 2M and R/ = * 
$0, 


y 


V2 | —— 


z 
z 


[ean 
Vin = |2e0 
2 ee 2 tee 
211.2 km 94) @ 224 kat 
foree is non conservative, 
fore under ertan conditions can be considered us conservative 
option is (0). 


KB, mv? 
(2v)? = 4 (3 mvt) a Kil 
i = 93 spond pt nad 20 18) 
Since 1 pound (11b)» 4.44822 N 


._ tnorease in K.B. 


initial KE, "1° 


iP 
25 | 
Pam 1° 


=44% 


‘PAE, when & bucket is taken to the bottom of a well because some work 
the up thrust of water. This work done is storgdidh the form of potential 


Hqusl to the work done to stretch the bow. 


laste PE, eorwverts into its K.E of arrow due to whieh 


‘Fest with respect to shore so it covers no displacement with respect 


4-0 
WeFdcoso 
>  W=F(0)coso=0 


(savers are used instead of normal bulb due to the following reasons: 
‘The consumption of energy in energy savers is far Jess than normal wh al 
Baer savers praluces light of high power and intensity as compared (9 92¢mal light bulbs 


Gil) Energy savers produce very little amount of heat, while 98% of inpapis converte into heat ia 


“T__ Define work and show that hla the dot\product of force and displacement. At what ci 


work done will be maximum or minimum? 


A 70 kg man ri 
Calculate hi 


rr ss yf the man 


70k 
Time taken Anadis 
Height ofthesmirs = 245, © 
To Find: ys 
Power output = P=? 
Calculation: 
As omer r hasm 
t 
or p= ™mgh 
t 
Putting values, we get 
P= 771.5 watt. 
Or P= 7.7 x10? watt 
% Abody of mass 2.0 kg is dropped froma rest position 5m above the ground. What Is Its velocity 
at height of 3.0 m above the ground? 
Given Data: m= 2kg 
Mass of brick 


Initial velocity of brick 


y=0 


Velocity at height 3m above the gratind™ 


Calculation: 


Loss of £1 = Goin in K.8 


mg (lips) = = m¢ v3 ~ ¥f) 
Putting values, We Bet 


+ x 9.8(5-3) = dav") 


= agi f° wth horzont Celene the work done by the men 


Fe 100N 


— 
a= Som 


‘against friction 


from a height of 30m on the sand 
me lady the sand? Neglect air 


jm above the water surface. 


before it strikes the water. 
oS 


g ae 


y at surface of water v=? 


Sy 
[0 = 0" andos 0 1) 


J1Gep 746 wat) 


of the earth and corresponding radius Is 1/4 of the earthy 
\ce of moon. 


1B, Propulsion farce of rocket 
D. Rentoring force in compressed spring, 
‘velocity, to escape from the gravitational pull of the m 
©. Skins 


One horse power Is equal to; 


(raine 2019) 
‘A, 146 soules B46 KW C.146N D. 746 Watt 
‘An example of non-conservative force je: (revo sone) 
‘A. Blestrie force B. Magnetic force C, Gravitational forse 1D. Frletional force 
‘The exprension for escape velocity is given by: roan 
es BAR ot 


L tollowiry 


Ine anguler displacement, angular velocity and angular agceleration and express angular 
cement in radians, 


problems by using S=r0 and v= ro 
le and use of equations of angular motion to solve problems involving rotational motions. 
eribe qualitatively motion in a curved path due tor perpendicular force. 


: 2 oe 
‘and use centripetal acceleration a = ra" aF~- 


+ 
je problems using centripetal force F #mrw", F= ay 


be situations in which the centripetal acceleration is caused by a tension. Force, a frictional 
Agravitational force, or a norms! force. 
‘when @ vehicle travels round a banked curve at the specified speed for the banking angie, 
zontal component of tha normal force on the vehicle causes the centripetal acceleration, 


te eautn 146" 5 « felating banking angle 0 to the speed v of the vehicle and the 


‘objects In bling satelites appear to be weightless, 
b re role er tan lata orbital velocity, the gravitational 


between 
beet Tad eat an eels ia ae 
oe mais 


/at the center ofa circl a le 
srt po nl 


OR 
@ rigid body rotates about a fixed axis, the angular displacement is 
angle swept out by a line passing 1 h int on the 
f tha cals ofrotetonporpeodotey bad! 
‘denoted by AQ 


oat - Of A, the angular displacement is a vector quantity. 
‘This angle 0 = ZAOB is the angular displacement of wheel after given a 
“small push, F 


Sign Convention; 
For anticlockwise rotation of a body between two 
" cloumference, the angular displacement Ad is positive, 
For the clock-wise rotation, the angular displacement A0 is negative. 
Direction of Angular Displacoment: 
In order to determine the direction of angular displacement, 
~ weuse the ‘right hand rule’ 
Right hand Rule: 
“Grasp the axis of rotation in right hand With fingers curling 
Inthe direction of rotation then the erect thumb indicates the direction 
ofangular displacement.” 
Unite: 


points on: 


Angular di ont {s metstred in degrees, or revolutions or radians, 

The SI unit of angular displacement is radian, 

? tte mle ened mw we center of the circle whose length is equal to the radius of 
” 


iw fi are depress und revolution, 
~ 


angle subtended at one of tle by 5th part its lreumference* 


radian, degree and revolution 


Whe length of the arc ts equal to the radius of the circle it the angle subtended at the 
‘Ofthe circle is one radian (from Fig, 3), it is seen that: < 


‘Be AB= AO = BO = r= radius of citcle. 


‘Thusangle ZAOB=0 CS 


By definition @= P= AAP ri 


Circumference | 2nr 
eS a ean rad 
radiusofcircle 


(srs 
oz 
Q 


(rE we 
‘The angle subtended at the center by circumference of « circle 
Ws radian (8) x rnaian (€)2 redien 
equals to 
(8) S73" > (Cc) 5730" 
the following are the dimensions of anguliy-dccoleration? 
(LT) ‘ or 
Jangle through which a bedy moves is: 
Angular velocity () Angular a2ableration —_(C) Angular displacement 
of circumlerence of a circle @ Rs diameter Is equal to 


@x6O 


" 2p axis 0) 
_ 2 ae 


[es [so Tio | 


v=r0 sin90=r0 (1)=10 
Angular and Linear accelerations: 
definition of acceleration of the body is: 


is initial linear velocity, Vj is final lindo, this change in velocity occurs in time“, — 


(8) v= Ho vero 
aon i 
26 


35 


5 md 


)[e"7) 


petal force and centripetalasceleration. Derive thelr equations’ 
| Force and Contripeta Ie 


is higher than inner edge of the road at) 
of oad”, Py 
of Road: 


R\ 
car js traveling round a circular path (beady? With 
peed on horizontal road, the resultant force pcistg on it 
to the centre of its circular pat 
force, This force arises from the 
‘and the ground, 
i¢ direction of the force exerted bite on the car will 


‘or less opposite to the {astdmaneous direction of 1 feton ‘teak the car 
zontal force is the 

force inward yund on the tyres of 

5.10). The Som of these two forces is 


FsinO=F, 
5 
Fsing= weeeem() 


r 
‘m’ and “y" are the mass and speed respectively of-the car and ‘r* is th 
, Fig. (b), 
vertical, 


F eos 0 = mg 


iby division equation (1) by (2) 


FSin@ 
FCos0 ~ 


tan @= Se 
as er 
TRE Gqjuation shows that for a given radius ked. «pW, the angle of banking is only correct 
From 9: (3) we can write . 


v= rg tang 
S v= lrg 


Hat fora given radius and angle he speed is calculated for the safe tum of vehicle, 


t speed (in km/h) is a bee aro of 45° 


required for an aeroplane to turn ona 


p cular distance from axis of rotation r. 
jit also depends upon distribution of mass from position of axis. 


Ike wheel as shown, on which we apply the force to ae 
it, Let force F is applied on the wheel at a point which is at [¥ 
F from its axle, 
F=ma 
‘that this rotating whee! has angular acceleration c1, 


r=(mrja | AS#(1) 
“In this equation, during rotstory metioa’m’ and ‘r’ remain constant and we put mr’ 
: oof inertia or rotational inégtia’of a body. 
hus Q) 
iproduct of moment of (iartia ‘I’ and angular acceleration ‘a’ of body gives the magnitude of 
it 


have non-uniform mass distribution, Consider a rigid body made up of ‘n’ 
Mj, Mz-o--.t distance 1), from axis of rotation O 


ity tho same rola in anquar tion att (0) Power 
ae the mane 
Caren eee anes 


(3 


OSs 
pulloy that Is 40 cm in diamotor. Th 
die, Att th ad hen ie wna a te 


d= 40 cm 
@ = 3,50 rad/s? 
2 rad/s 


Solution: (w) wy, * y+ at 
2 wy 2+ (3.50)2 
© w= 247 9rad/s 
(b) Om ot +Ve 
> s 2(2) + Vs (3.50)(2)? 27 
>. Li rad 


14 3] at is argue momentum? What are its formulae? Write its units. 
momentum of spinning rigid body? 
A ae “ifaleg te ‘of change of angular momentum ‘of a body Is equal to applied torque: 
on it? 
iim (#) Defination: 
Quantity of angular. iol 
momemum. 


Tion in a body is called angular 


Tis perpendicular 
to the ay oiane 


Wa body ts ptr Pic wnt. lis reference axis 


then it ce ni has angular momentum, 


PS. momentum ( 1.) ts the cross product of position vector 


Gand incr mamern z 
? mx reas — (1) 


i - 
4s vector quantity and its direction is along axis of rol 
rs F and P) Bo 
momentum is kg m' s”! or Js. we 
of angular momentum = [MI*T 


{is constrained to rotate around the z-axis. The rigid 
|about the zaxis. (b) A mass sogment mis eee pa 
je @, with respect to the z-oxis, 


mn of angular 
ples to explain 


tlon of Angular Momentum S 
tion of angular momentum which states thst: was 
jabsence of any external torque, the angular momentum fay 
SY Spring board 


fam remains constant," 


Hr 0 then A) 
A ~ 
Then [>= 0 =>L=Constant As 
system in which no force and none acts on 9 6:128h Diver perorming. 


therefore, angular momentum of an igiaied system is 
S Hs 


{s often used by cirus acrobafdivers, ballet dancers, ce skaters and other to perform breath 


ede kiver lonvos the hg board with his anns and log extended and a smal angular 
‘exis h hig centre of gravity, When he pulls his arms and legs in, his moment of 
let to keep his angular momentum ‘L = fa" constant, his angular velocity 

ye OF two extra somersaults, 


a mass of 0,0200 kg. The moment of inertia of 
of the disc, and Ris tho radius, When a DVD in 
ular velocity of 160.0 rad s”. 


‘I’ is the moment of ‘o” 
Sahlale re of inertia of body and *o' stands for 


Roatlonal K.E. of A Irregular Rigid Body 
Let We apply some force F on a rigid body as shown. W 
‘divided the whole body into a number, of analsex or sisal 


Mis May «+» My having distances from C.G. point as 1), ry, ty 
respectively. 


The total K.E of body will be: K.E = K.B; + KE, +... KE, 


i 1 
Or KE, =—m,v} +—m,v3+......+4myv? 
2 2 2 


Using equation v = ra, then 


~ Bout 4d 
ot == Mt? += 
2 


KE, 


Here, each piece of body moves with sam 


Equation for angular motion 


©;= + ot 


Moment of inerti I = mr* 
Torque = t= Ia 
Angular momentum U=rxp ork =le 


ody rling down an Inlined plan, ten Pi, of the 
of kinetic energies i. it has linear K.E, 
ic, % mv" and it has rotational K.E. due to 

total K.E. of the body is the sum of its 


= KE inca + K-E.powonal 


5 tational K.E, of a Hoop: 
As we know 
(KE bo = Alo? 
‘As moment of inertia of a hoop is 
T= mi 
So, (KE) = % (mr) oF 
(KE a= 4 mr 
ro)" 


Rotational K.E, 


As we know 
(KE) = %6 to? 


‘As moment of inertia of a disc is 1 = ‘sn? 

$0 (KEa=4 (Amro? o> 
Bie Km? a?) 

As we know v= ro < 


i of a sphere is! = 2 mr? 
KBr = 3G me)ot 


ood het 


1 
2mv+> m(roy (Since v= ro) 


al pull ofthe earth on the object.” _» > 
2 xX 
aes 


weight is equal and opposite 0 the LG rei to stop it from falling in th 


ee which prevents the fing on ground is called apparent weight 
‘of the weight of the body by any deviee. 
‘an object in lift: 
weighs a spring balance attached to a 


weight = Real weight + ma 


‘shows that the apparent weight of object is increased by an 
‘of ‘mat than its actual weight, 
je equation can be written as 
T=mg+ma 
T=m(g~a) 


When the lift is moving downward with accelerationva’, 
ithe lift is moving downwards with an accelerafioni a. So, the 
d force i.e, Tension in string is less than downward force of 


the net force acting on the body is 


3s weightlessness in satellites. 
free fall in satellites. 


am gave law of universal gravitation. Soon after ght he 
‘Working on the situation in which any object could¥evolve 


of the 
moving 


ter than the earlier it will follow | Cannon ball shot parallel tothe 
| 


ty as illustrated in the Figure. hortrontel surface Gti 


Pit the carth, it should drop a vertical height of Sm for every $000m distance 
hall fied with a speed of about 8000ms" will be capable of orbiting the eth 
is thrown fist enough parallel othe earth the curvature of its pak 
‘wil cicle ound the eat. Its radial acceleration fs sly cg’ the 


‘the celling of a lift. A man hi his bag on the 
is stationary, If the lift moves Gownward with an 
of the spring balance? 


ft moves downward: 
T=m(g-a) 

& T=5(9.8-5)=5 (4.8) 

2 


artificial satellites? Find the expression for minimum velocity to put a satellite into the 


Satellites are the man- made objects that orlftieround the vA 
le can be launched from earth's surface to <igale the earth by < \ 
Of rocket. They arc kept into their orbit by gravitational - | ~ 
stion of earth. The satellites which areReat the earth have the 
Heration 9.8 m/s*, Other-wise they would fly off in the straight line 
‘10 earth, ~ Ne 


mum velocity required togpuha satelite into an orbit close to 
iscalled critical velocity) 


‘of mass'fo" is moving with velocity v close to the earth in a circle of radius R, 
on the satellite is provided by gravitational force acting on satellite by earth, 
of the orbiting satellite is: 


Fes 23 anton! Sateite 


ER qa) 
d by it weight. So, its acceleration must be equal to gravitational acceleration. 


n 
faling object, $0 It wil 
‘any thing in it will app 


‘Artificial Gravity"? Derive oxprossion for) 
‘of spaceship required to provide the artiielst 


‘have a spaceship in space, we have 10 
fs of the spaceship. Such providedkprivity ix known 
1 papal 


¢ 
fs the gravity lke effect prbduced in an orbit 


at 
spinning ita son wR) 


“spaceship! satellite rotates with this frequency, then artificial 
‘work easily. 


Astronauts in places with micrograviy, ke on | 
[its 185. are wesgntess. wey can siep o 
any orontaton 


hey have fo attach themseivos 20 hey dont 
float around ond bump 

Inte something. ISS astronauts usualy sloop 
Inaleeping bags located in sma crew 
cabins. 


Each crew cabin bs just big enough for one, 


(O) Vem =) 


() None: 
clecle Is: 


(8) Perpendicular to the plane of circte 
(©) Racaly inward 
1 eritical velocity becomes? 


(V2 v, 


of orbital radius of geo-stationary satell 
‘speed necessary for circular orbit Is given by 


SG 
must be equal to average speed lellite in one day. So, 


ae 
d of revoluti satellite that is equal to one day. So 
tion in exactly one day, 
‘we get 


(8) Hot (©) Zero 
t W is standing on the elevator which ia ascending with an accel 


(B)W. ow 
‘Of Wo equal masses of cylinders, but one has largor diameter 
(8) Larger (5) Some 
nimportant in describing the satoltite's orbit? 
}6f satalite trom oarth’s center 
‘soiallte 


V3 
mass 2 ka is suspended from the cyiiig of an elevator moving up with an acceleration 9, Its apparent 
‘elevator will be: 


weight of an object 
down with uniform 
ona 


radius of a geo- 
satellite 


Key Points 


e angle forms at the centre of a circle when a body moves in circle. Its 
by equation 


= 
G 


: yof a body isthe change in angular velocity of «body in petcar mat relat 
>. 


0.5 m)*= 0.5 ke m? 
={0.5 kg m’\(2.5 rad/s? ) 
Nm 


Find Earth's angular momentum using Earth-Sun distaried and mass of Earth, 
Earth - Sun distance 149. x 10° m 


Mass of the Earth 5.9742 x 10" kg 


idistance from Earth 10 Sun = 149.6 10° km 
10" kg 


2.98 x 10'ms"' 


9142 x 10" kg x 2.98 x 10'ms" x 149.6« 10m 
*< 10!%ym's 

‘of moment of inertia 0.80kgm’ about a fixed axis, rotates with constant angular 
ty of 100 rad s™'. Calculate: 


= [66710 Nm (6x10 ka) 
(6.36%10°m+4.00%10%km 


What should be 
the surface of the eai 


on Data: 
| Height above the surface of earth is: h 900 km =9+10" m 

Radius of earth = R. 64% 10° m 

So radius of orbit will be: r, =R, 7310" m 

Here G 6.67310" Nin" kg" 
And mass of earth = M. = 6% 10 *" kg 


Using the formula: v, 


~  _ [6.673x10" oO” 
eet = 73x10" 


Oe w=74x 10's? 


The angular in radians/hours for daily rotation of our carth is? 
mw (4x * (one (ae 


(b) 180° (©) 360° (4) 90° 
moment of inertia of a sphere 


Zur? 1 
() pee (©) EMR SMR 


ff constant magnitude which is always perpendicular to the velocity of 
Sal othe pari tle place in» erizotal pane. flows 
sm is constant (b) Velocity is constant 
(@) particle move in steaight line 2 


ipping. Its moment 
motion, its rotational kin 


Mii 
eS 

*Breotat — K.Breranatationart K-E rscars 

For solid cylinder ar dics : 


K.Bpor 


Reina Ting 


= The tim of fly wheel of an engine is made heavy to concentrate more and qigFe mass at greater perpendicular 
Mistance from axis of rotation i.e. at edges, Duc to which momen: of inertia filtréases, 
Whas large moment of inertia, duc to which it rotates with unifo.m rotatioial speed. 
Reason: As we know that mome; s cOrdpared to disc, its reason is that itis hollow 
from middle and al} its mass is coi n), Ieinereases its moment of inertia, therefore its 
‘Opposition to any change in uniform rotatory motion is largetAdue to which it maintains its uniform rotational 
motion. 

Is a rifie barrel ‘rifled’? 


<0) 
IiingioPalvifle barrel means cutting spiral lke gibiec me =| 7 S_ 
Hilerior of the barrel. The barrel of a rifle is.xfied to keep the ait 
Bulletatong the required direction ‘ 


When a rifle is fired the bullet 
qmv+ lu te 


ranslational motion as well as 1 a 
bullet to keep it along the 


Axis. This rotational motion helps fh 


Tequired direction with acrodypiimic shape, The total kinetic 
nergy of the bullet is the,sijof translational K-E ational 
KE 

> KE = QR Bian + (KBr 


KE 
18RE of the bullet gives the directional stability to the bullet so that it could preserve its direction for 
disftices and hits the target with less chance of issing the target. 

Fson to distinguish between a raw egg and a hard boiled one by spinning 


contains Tiquid init and when you rotate i the centrifugal free will at on the liquid ad push 


outer shell. Theref tia of raw is greater and angular velocity is smaller. 1-bo 
body, Ct The manent of eta ‘of hard-boiled egg is smaller and its. angular 
Prerte hard-bolled egg will spin faster than raw egg when same torque is applied in bo 


greater, 


o 


_.. 
¢ 
nah outing. 


iri may covers 120° of longitude so for whole populated 


Sorrecily positioned yeo-stationary satellites 16 provide the 


the property of body to maintain its state of rest or state of uniform 
‘of inertia or rotational inertia of 


the apparent weight of object shown ing balance is zero, ject seems to be 
Hens ofweiehessnag, TY Herne blace zr. The ob 
eS mines With uniform velocity, Is heavier wheel rotates slowly U 
Wy? Explain, 
Ayre has farge moment of inentin so its angular velociy Is small 
u's Why heavier tyre rotates slower than its lighter tyre 
i The moment of inertia is: I= mr’ 
/m™ mass of the body 
r= Distance from the axis of the rotation. 
bmass and size (r) of the heavier wheel is large value, due to which it 
Jarge rottional inertia. So when a tractor moves with uniform 
losity its heavier wheel rotates slowly than its lighter wheel. Lightet 
fhave smaller moment of inertia and their speed of rotatigiys 


see @ elo gecede 


__ Comprehensive Questions 


Q3.__Give a short response to the following. questions 


lare centripetal acceleration and bentripetal force? Derive thelr equations. 


Show that angular momentdajin magnitude is given by | Li=[r x pl=me 
No. 14(a) O 
y mass in linear motion is playing by moment of inertial in rotatory 


by INTELSAT’. At what frequency it operates. For how many T.V. stations 
|? 


nization (INTELSAT): on a ? 
satelite system, managed by 126 countries is called INTELSAT VI“INTELSAT” means international 
on, satellite organization. . 
microwave frequencies of 4, 6, 11 and 14 GHz and has the capacity of 30,000 two-way telephone 


inversely proportional tothe dstance from the centre of the earth .¢> 


you mean by weight of a body? Use examples. 
ai ght of a body. 


hip. 


Tly off and travel ina straight line 
of tyre. When tyre rotates then centrifugal force acts on it, When 
adhesive (attractive) force between mud and tyre then it will fly off to! 
ity. So the mud may strike the vehicles coming from’ 
"mud from hitting the vehicles. 


Numerical Problems 


en has a radius of 0.15 m and rotates 
f (a20 minutes cooking nesegy 


velocity = o,= 400revimin = M9022 padsec 


0 revolution = $0 x 2m rad = 314 rad 


ne values in equation (1), we get, 
(ax 314 = ~ (41.866) = 6280.» -175278 


2,79rad | se 


Earnie! 
eee ee 
ie 


= 


“B= 1884 20+ (0 -188.4) «20 

Dr 188.4 20+ (—188.4)x 10 = 3768 - 1884 
B= 1884 rad 

i B= 1884 rad in eq (1), we get, 


N= 300 rev 


$$ of sphere = m = 100 kg, 
ius of sphere = R = 50 cm = 0.5, 
joment of inert ~ 
that the moment of inertia oF solid sphere is given by, 


AG) 


ral times around a cylinder of radius 0.2 m and mass 30 kg. What Is the 
of the cylinder if the tension in the rope is 40 N and it turns without friction 


40 xX revs-! = 637 revs" 
sores @ese@eoroe ’ 
onal Conceptual Short Questions With Answers 


‘work done by centripetal force? 
body is moving in circular path then centjepetal force is 


by centripetal foree is 
Wek od 
W WF. d Cos % 
4 


0 cis done by centripetal Yopce. It only changes the direction of the 
it in circular pat 
onalK.E. of two bodies of moment of inertia 9 kgm’ and 1 kgm’ are same. Find 
th ssa a omentum? 


Toop and sphere have following relation: 


1B) Pen § Eg 


t 
2u and r becomes #/2, then 


: 
% 
SLLaery 
i} 


Jlmes thay its original on 
momentum of the earth about jte own axis? 
30 His moment of inertia Is 


a oO 

B% 10" s (6.4 « 10" 

#3 10" kgm’ 

lar velocity is: (0 gn oin inone day 02x and T 86400 s} 
~) 


N21 «10% 
between escape velocity and orbit velocity? 


tun cue’ p. date 
h sudd ops rotating the value of ‘g' at equator would: 
me a C. Increase . Become; 
of circular motion is given by: (FRISE 2018 supp) > 
C.T#2n0 D, 1 
t of Angular momentum is: : oP 
B. Radian C.Ns pes 
@ period of pendulum in lift moving upward with ‘constant velocity: 
C. remains constant. D. None 
ane! its orRital radius fe 1: 


C. 942%, Dy 


A body of mass 2ky Is suspended In an lift by means.bf a spring balance. The balance ress 
when the lift moves up with an acceleration’ of Sms" as 


vill be 
A Yamv B, Ymv Dd Ymvt 
© Apparent Weight of frooly falling wouy - 
Ac inereases B. dec C. zero D. remains same: 4 
Which of following Is not axial Vactor 
A. linear momentum BS wrBular velocity C angular seceleration —_D, Centripetal forge! 
eee are-otlongth 4" and radius “r" in time "t", its angular velocity.is given by 
is 3 
B a1 a Dae 


! 
‘clock Is 2m long, What Is its angular speed approximately. 


B,1.7x 10" rad/s 3x10" rad/s D.3.$« 10" rad 


A30SN B,296N RriosN D.98N 
‘The rotational kinetic energy of a hoop of masy'm moving down an inclined plane with) 


24 


€.3.6% 107 m 1.4210 mm 


oe 
r 


re (C) 76.3" 

‘mass 16 kg Is attached to a string 144 m long and Is wi 
n imwton'te ‘string can withstand is 16N, the ‘nasi 
tothe stone without breaking i, willbe; 

(8) 20 ms"* (C) 18 mi (0) 14 mar 

fhe Is constant for a satellite in orbit? ‘ 
(8) KE (C) Angier Momentum (0) Potential 
‘@arth suddenly stops rotating the value of 'g' st equator would: 


/nlocity of rev 


ing, t breaks, Why? 
low down ae water drops into the beakar? 
oh he wheels of oyeles, motor care and otner diving vehi 


4 i te! for sero-plane to turn on @ radius of 60 
in 


bit of geostationary aototlites, 
‘comes {0 raat in 205, 
i 208. It the angular 


MA pooig 
a 


iz 


wumsiog = yd +d Erg 


Piny 40 AtuoNa 
J WOR WAISUO,) 


(snoasen 7y piney ) 
onous UE pny jo. APMIS NLL 


the stronger the intermolecular forces of 2 
‘attraction, the more viscous i the liquid p> 
{ise part ofthe kinetic energy ofa fluid to be converted to intemal energy. > 
ism 3 similar to the one by which an object siding on a rough horizontal ee energy. 
. ‘nt. 
+ tgine oll and thick far have lange coefficient pf\Wiscosity so they can not flow 
ik ; 


Value of resistance to flow of fluid (viscosity) is called coefficient of yIstes 
Tike honey Svrap 


2nd air has small coefficient of viscosity 1). So th 


R 
the direction of motion of 
object, through Muid. 


ids and pases have non-zero viscosity 
Of gases increases with increase 4q 
{due to random motion of molecules) 
Qsity of liquid deceases withdse in 
(Cohesive force decreases, avi rise in 
of liquid) C 
Hof coeisient of vised) shan 6! or 


Dynamic viscosity {Pas} 


vitccstty 6 8 100 120 140 
of viscosity ‘eect eA 


Skydivers and swimmers. chal 
effective size and onentation by 
twoating and starching their bo 
This allow them to manipula 


fs the constant of proppftionality and 
ly determined value is.6x Yc A= 60 thereby allowsig them 10 6 


6 and direction of motion. 
=Ganry sae. (1) 


‘set forth bythe Br British scientist Sir George G. Stokes in 1851 is termed as stoke 


in several areas, particularly with regard to the settling of 
s of the viscosity of fluids, 


(0) Glycerin 


Ba cee sn (0) Bikes fe ataped (All " 
he a fig nerens na ars rg fore exprncad by 
{C) Remains same 


‘the terminal velocity for the simplest 
‘is the uniform density spherical object falling 
consistent medium as shown in Figure. 
ae apply for all objects, whether freely falling or 
the presence of resistive forces. The accelerations, 
‘are quite different, due to difference in net force. 
am the nct force is the weight because it is the only 


sf, ih the presence of air resistance, the net force 
the weight, itis the weight minus drag force. , —S 


et force = Weight ~ Drag force 
Fry = mg-6rnrv 
‘ma= mg -6rnrv ayy 
(Fo> W=mg) 
‘drag force becomes equal a9 he weight of 
en it will start moving y¥ith uniform velocity, 


Velocity (Ve). 


zap ea te nstant den 


f object. 
y of the medium and speed, therefore there is no 


2 Ach the air on Earth reaches 


terminal velocity after about 12 
450 meters, Table shows the te 


minal velocities of various ot 


S FOR VARIOUS OBJECT FALLING THROUGH AIF 


Cross- ae 
| Area a 


fel | TT TT TT) 
Terminal 
= aaaaale velo 1 


Ver S4im/s 


Terminal 
— velocity 2 
Ve tt m/s 


time *t" (3) 


Jatt = 0 s—after just jumping from the plane the skydiver is not movingwery fast ~ weight is a bigger 
pthan air resistance, so he accelerate downwards. ” 
Zatt= 19 s~ eventually the force of the air resistance has increased|so much that it is the same size as 
ikydiver's Weight — the forces are balanced and the speed remains conStght (this is terminal velocity 1) 
age 3 at {= 54 s ~ when the parachute opens air resistance increases dramatically: the air resistance force is 
ghwreater than the weight force, so the skydiver slows down. 
Matt = 58s — as the skydiver slows, the air resistance forge from the parachute is reduced, until it is the 
ize as the weight force — the forces are balanced and thé.spted remains constant (this is terminal velocity 2) 


A certain globular protein particle has a debsity of 1246 kg m®. It falls through water (having 
‘coefficient of viscosity 8.91 = 10“ Pa s) with’a terminal speed of 8.33 10* ms”, Find the radius 
_ of the particle. 


Wen Data: Density of protein particle = p ~12¥kgm” 
Coefficient of viscosity = >8.91x10-* Pas 
Terminal velocity = 8. 3380 mis 
Radius of particle = n=" 
2er'p 
RAS =. 


, 
D> 2pe 
Ss 98,91 10~* x8.33x107° 


2x1246X9.8 
P=2735x 1071? 


Putting values, we get 


Stream tube b= 


> 
A stream-tubs tonsists of a 
bundle « ‘streamlines: 


‘or unsteady flow of the fluid is called turbateitt flow. 
speed of flowing fluid exceeds a certain crifféal value, the flow 
Sextremely irregular and complex and jtg¢banges continuously 


Consider the figure 6.6, close to ¢hethicense, the smoke's flow 


€ rises higher and higher, i(3peeds up due to the lower density 
rounding 


ingbpif magnitude and direction, Turbu 
CHT higher velocities and low viscosity: 
adil fluid flow are turbulent. 
lent flow include blood flow in arteries, oi! 
s, laya flow, atmosphere and ocean currents, 
turbines, and the flow in boat wakes 


simplified by conticoring ihe Suid fio 
PR MM! of aM Ideal flv, ., mal “har 


tht following 


n 


Mow, the velnciny of he Ould at 


ity of an Wcompresatbie fia ig 


temperature does not 


Vary! Phenomena » 
iuigs fo. which o liquid in the bottom of 
aly in a ci tEAM Will ot be consid; 


TY 
M fluid flowing theo, h 
" loah pay ane He 


along the pipe remains onstanrss 
\ (OR) 
an Isteat flutd, the volun, 


dda 


Of cross-section) 
wh @ pipe of MOR-uniform dine, as shown in Figure, 


man 
re a oP nf el vn ns Ye ope 
AL must be equal to mass of the | 


Haid that ows ou through As In the sare tne 
Sisal 


»| 


o 
ssonstonir 
= fim. we on 


at dene sarough soe Pipe | 


inquid Mowing Pe 


Tha vote of 
every powtiton in PIPE 


ru at 
r re =n of fw ue 
> el eoainne=(eT~) 
From equation (6) 0 DANE 


OTT) 
on egal em= ol) x 10m 


jenergy AU Is AU = Amgh, ~Am.gh, 
We AK +AU 
(10), equation (11) and (12) in equation 3) 


ya a amy} =2my] + Amgh,~Amnahy ~ 


Ped! +pahs Constant 


Putting p= 


= 
fis Bemoulli's equations, Bernoulli's equations is based on con 
ible and non-viscous fluld, the total mechanical energy of the flu 


Bpplication of Bernoulli's equation in 


izer and engine carburetor, 
TIONS OF BERNOULLI'S EQUATION. 


if devices operate by means of the proeir difference 
from changes in a fluid's speed. 


FERP consists of a tube with jes actos to it, in which 
from the tube toward the jet x@)sKown in Figure 6.9. 
flows through the jet »g2yion its speed increases, as a 

[pressure drops near it This drop in preasure allows air to 
‘he side tube to the vessel is connected. 


op ik considered as zero (v *0), 
| Velocity is to be determined (v2 "¥). 


equation ¥,+tpv} +peh, «P, 


a(h-h.)=3 


Pall as 


ha height ‘h’, The equation (1) is termed, 
the sped of fuid emerging from water 


ation can be written as 


Pri tah =P, +Lovi+oah 


—ly 


a~P = ofS se 
pif) -| =1]v} rearranging vj = 2-8 
ll”) + 


press! 
d of the water In the Bik 
0.0038 m* 


Ataee car emptoys Bernous’s principle io hee ie wheels capa round wi travel 
ep ts wheels " rs 
high speeds. Arace crs polar—shaped ire an unicecian wig. wt th carved 
‘face ol the boiom—rodvees negative it (or dowgigny push them down again 
the rack surface so they can taka tums Gacy wanting uo the Yack al 


i's equation ignores viscosity (fluid fiction) 
fluid could flow through evel tube or pipe without a force being applied. 


‘acts like a sort of friction (béwWecn fluid layers moving at slightly different speeds). 
flow rate AV/At for. ina flow of a viscous 


rough a horizontal, cyligdrical pipe depends on its 
) 


hilar is the case of hunf}Varteries i-e “blood flow in the 
n body" depends upen'the radius of its arteries as shown 
f ee 
Miteries is reduced as a result of 
fickening and hardening of artery walls) 
buildup, the pressure must be increased to 
ieee half, the heart, would have to 
by half, would have 
by a factor of about 2-16 in order to 


Terminal velocity of fog 
droplet 


constant Av = 


orricelli’s Theorem 
od of effiux) 


Venturi's relation 


the basic property of fluid is that it can flow. The fluid does not have any resistance to 
6. Thus. the®shape of a fluid is governed by the shape of its container. 
Wiscosity: the resistance sq flow of a fluid 
force: retarding foro experienced by an object moving through a fluid. 
inal velocity: thénaximum velocity attained and maintained by an object while falling through a 


» or laminar flow: every particle of a fluld moving along exactly the same path, as 
les that have passed that point earlier 
regular flow characterized by small whiripool-ike regions. 
Continuity: The volume of an incompressible fluid passing any point ina pipe of non 
section is the same in the steady flow. 
t (v is the velocity and A Is the area of cross-section) 
is due to mass conservation for Kieal flow. 
's principle states that a8 we move along a streamline, the sum of the 
init Volume 2 (pv /2) and the potential energy per unit volume (pgh) 


Solved Examples 


Density ‘pp’ 1000 kg/m’ 
“Acceleration due to gravity “g' = 9.8 es? Ne} 


Solution: 
5.110%m) «(9.8ms™) 
Fatting valves _—_ 
10%kym’'s 
anes Answer 


The Fog droplet will sete with speed of 0.00298 m/s in nir 
A garden hose of inner radius 1.25 cm carriog Water at 2.60 mm/s. The nozzle at the eng 


hen radius 0.30 cm. How fast does the water emerge out through the nozzle? 


Given: Radius of garden hose *r,’ = 1.25 cm = 0.0125 m, 
Radius of the nozzle ‘r:' = 0.30 cm ~ 0.00304 ry 0.01 Nowe 
2.60 mis 


Speed though garden hose ‘vy 
Requited: — Spced out of nozzle ‘v2’? 
Solution: The Equation of continuity is A.y) 

‘The area of cirele is A= rrr? 


ADY. 


therefore, Equation of comtrtuity can also be writ 
fv,ecv, and 


PS 10125m)' x 
S (0,0030m)" 
S.14ms Answer 
ced of the water from the nozzle is 45.14 ms 
Water Is flowing smoothly through a pipe. At one 
5 point the pressure i 

‘Sspoed of water is 2 m/s. While at another point 2.3. m higher the pressure Is 37M 

what spead is the water flowing through this point? 2 
Pressure *P\°*33,2 kPa =33.2 10" Nm > 
Pressure *P)°"3.7 kPa 3,7 10" Nm? 


Height “hy Height 
Density wf water "p" "1000 kgm” 


~R)+¥4 +2¢(h,-»,) 


% _ +)+v+20(6,-B,) 


= (33,200kgmm-!s2 ~3700kgm™'s*) + (2ms"* YS 


a wey 
¥,=4ms' Answer 
te will flow at 4 ns in the upper part of the pipe. 


out? (b) If the r: lius of spigot is 
‘of water in tank th’ =1.2 m 
of spigot ‘A'=6.0% 107m 


~_ value for the coefficient of 
D. negative 


D. 10° Nest? 


moving through liquid with slow speed and hax 


C.arough Dany 
falling object, when it encounters 4 N of alr resistance is 
~6N D.10N 
ying helicopter. Before reaching terminal velocity, her accel 
decrease C. remain the same 
ion of «falling object is: 
C.-98 ms 


y Av constant. This constant is equal fo 
B. mass of uid 
___ D.volume flow rate 


D, 10.0003 m? is 


D. turbulent 
Int. The speed with which the water emerge from the leak is 
C. 194 mvs D.O.l mvs 


% 


C. remains the same Dis zero: 
EXPLANATION 


1dy(is) 7 ; 
'poises Ta ~—-ButIN= 10° dy péhng ldy=10'N 
tem 


10-5N(1s) _10-S(ash 
(1x1072m)? “e0An= 


Ipoise = 


Fux=0 anda=0 


Ay = constant 
m; (m/s) = my/s_ itis unit of volume flow per unit time 


Aye, = Azvy 
Ap <A; 
YW > Vy 


aeacetaptd is maximum 
above from the base there! 


Short Answers of the Exercise 


legs. 
| f abo, ie Ih 
Segoe mnenon era | OE] 


heavier human being experience smaller drag force and falls with high sms and larger 


bone ofa human being may break when he falls on the ground, 
the terminal speed of @ parachutist before 
parachute compare to the terminal speed 
2 Why is there a difference? * 
I velocity of a parachutist before opening the parachute iss 
t from its terminal velocity after opening the parachute, 
ing force depends upon the expose surface area o€ the falling 
P16. greater the exposed surface aren of the body, gréater will be 
ging force and low will be its terminal velosibyspod vice versa 
(the parachutist Is fulling down without opéqing parachute, the 
‘of parachutist to air resisigups is small. So he 
Jess drag force than his weight afi8.ful!s with high terminal 


parachutist is falling down with open parachute, large 
paren is oxposed to air resist 
ult the paratrooper expse@}ee large drag force and his terminal 
ity is low, na 
‘4 greater distance by placing your thumb over the end of a garden 
mp uncovered, Explain how this works? 


Jeavi 
Fate distance by plocing a. thumb on the end of garden hose than by Teaving W completely 


tion of continuity, we have 


moves past an oboe! 
the ball ond to deflect? 


ball from towards 
lf igh rewire low pressure which 


up in the 


‘i (4) represents a ball without clnples while figure (b) represents w bal 
I dimples, the air passes smooth! ol 
c oh nly with greater speed and drag fore is grester ve to larger 
i {tate 6 thin turbulent boundary layer of alr that clings to the baits surface, 
A targa cagateat ha he dg of imooth ball. .- 
° If ball. i 
ily and travel fi Sait seme ee ee 


= 


the 
up 


bea 
Laminar boundary layer Turbulent boundary layes SY 
by using wind deflectors on the top truck cabs roduck 


on of the trniler extending above the roof of wis 
ick have large surface area vertical and porpendicular yor 
jon of the truck 
wind defector, this shape ercountegs(Die air 
from wind passing over the top of sNerv 
the vertical front five of the traller. ExSepy ts 
stion and flue! consumption is greate. 


deflector Is a device that changés tre airflow around a vehicle. 
nf Wind deflector wil eaduce air frietion while the vehicle is in motion, and consequently increases 
d fal efTicleney 


B16 low friction the spe: irvek will be high, 


§ ~~ soso @eo@eoorce 


»mprehensive Q. 


ing through alr with 
: op, what should be the new terminal veloc! 
final velocity of each small droplet = vi = 0.1 mvs. 
of each small droplet = r 
‘of droplets = n= 8 2 


to form a big drop then volume of big drop is- 
vhere Ris radius of big drop) 
= Volume of 8 small droplets 


‘out thera (Wha mt Nee 


‘of fire hose = Dj = 9.6em = 0.096m 
_ Speed of water at one end * v, = |,3m/sec 
Diameter of nozzle at other end Dy 2.Som » 0,025m 


Speed of water at other end = vj’ = 2im/s 
(0) Diameter ctnozzie= Dye? 


ofcontinuity, we have, Avy, * Asvy 
mv neivy 
and ty 2% 80 above equation becomes, 
a 


a" phy 

pearl 
eI 

RD 


Putting value we, get. 


a 2. 
oo eso al ¢ ne 


ous es agen 


Pusting the values, we get, 


(1 mm of Hg = 1333 Pa) 


i 23994 Pa 


3.1423 «10°F 16.6 
= 4.69 « 10%m%s . 


‘the Aero-foll lift (in newtons) due to Bernoulll’s principle on a paper plane of wing aroa 
Hf the air passes over the top and bottom surfgaes at speeds of 9 m/s and 7 m/s 
i Ke ol 28 kgim’.) (0.2N) 


Fair bolow the wing = 
Speed of alr at top of wing = v)= 9 mve 
Density of air = P =1.28 kg/m’ 
h=h=h 
Acro foil lift = F =? 


Low Pressure 


Low Velocity = V, 


Foree 

Pressure = See C 

Pah fF * Ah ———10) 
1 

Raspv'+pahed 

= Vpn) 


hv Pah 


the dag force become equa the i weigh very 
e th plage sopende 


ag following Is equal to one torr? ~ 

(b) 13,33 Nm*™ © ager (d) 1333 Nm” 
ies tctowing is the S-I unit of viscosity? ~ 

(b) Nem? {QNsm! (Nm? 5s? 
}of mass 1 kg falls through fluid with maximuin eonstant velocity then drag force is 
ia (b) 49N * (0) 9.8N (d) zero 
d float In atmosphere because of: 
(b) low viscosity . (c) low temperature (A) low pressure 
two ends of a pipe Is in the 2:3, then the speed of liquid at the two ends is in 


(b) 2 was (4) 9:4 
following represent Motion of freely falling water droplet? 


S, 2 J ola 


() density of the uid 
(8) viscosity ofthe fuid 


ry ee 
of the following is equal to one ia . 


4.333 Nm* (8) 13.39 Ny? 

Nm a < 
h ofthe following isthe Si uni of viscosity?” bab Bie < 
TANar nase otuq oN (©) Nem! Nm 
‘Sphere S 0.1 kg falls through fluid with maximum constant velocity then drag Yorce Is: 


(A) 98N (8) 49N (C) 9.8N (0) 0.08N 


di 
Ud tn soa] ‘at two ends of a pipe Is In the ratio 2:3, then the speed of liquid-at'the two ends Is in 


fA) 3:2 (8) 2:3 (c)49 (0) 
) 9:4 
‘Which of the following represent motion of freely falling water droplat? 


— ibe 


ad ®) ©) ©) . 
Bernoulli's equation is based upon law of conservation of 
(8) Momentum {CyEnergy (D) None 
Give short answers of followin 3x7 =21) 
SECTION -B 
How does the terminal speed of a parachulist before opening parachute compare to the terminal speed 
flerward? Why is there a difference? 
wo boats moving in parallel paths ¢loge to one another risk colliding, Why? 
ericket ball moves past an obs@rér from left to right, spinning counter clockwise. In which direction 
Wiltthe ball tard to deflect? 
plying Bernoulli's Equatjenyexplain the lit of an aero-plane, 
Why do the golf balls hayecimples? 
Differentiate between famninar and turbulent flow of fluid. 
Hl) Water is flowing sétwcthly through a closed pipe system. At one point the speed of water i 3 ms", 
White at snothec point 3 m higher, the speed Is 4ms”. At lower point the pressure is 60 kPa. Find the 


(06) 


wull’s principle on a paper plane of wing area 0.01m? if 
speeds of 9 mis and 7 mvs respectively? (Take ne 


(03) 
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SNOILVOMENd YVIOHOS : 


OSCILLATIONS 


be that when an object moves in a circle, the Fotion of its projection on the diameter of 


6 e circles is SHM. 


"Define the terms amplitude, period, frequene 
oth frequency and angular frequency. 


yy, angular frequency and phase difference and 


s the period in terms of bt 
ix as the defining equation of SHM 


identify and use the equation: at > 


that the motion of mas¢-attached to a spring 's SHM. 


cribe the interchanging between kinetic energy and potential energy during SHM. 
ze that the | ration of a simple 


‘ow the amplitude of a forced oscillation changes with frequency near to 


pendulum is SHM and calculate its time period 


ically h 


equency of the system 
{amped oscillations with particular reference to the efforts of 


practical ‘examples of di 
he importance of critical damping in cases such as a car 


ine the frequency response and sharpness of 


ed away on one side from its equilibrium péeition and then released. The body begins to 

) due to restoring force. Under the agtiotvOf this restoring force, the body accelerates 

‘over the rest position due to inertia, The-rSstoring force pulls it back. Since restoring force 

j directed towards the mean position, sp {hic acceleration is also directed towards the mean 


ig bodies produce waves, e.g-Q-sfolin string produces waves 


= many phenomena in nature (Bich are explained on the concept of vibration and waves. There 
structures such as skyserapers and bridges, which appears to be rigid, actually vibrate, so 
and engineers mache account these vibrations, while designing and building of certain 


‘motion of @ body about the mean position 


p of a vibrating body about its mean position is 
‘bob of simple pendulum from A to B and back 
on as shown in fig 7.1 


of circular motion. In SHM, it provides 
tantaneous velocity of body executing SHM. 


SF ences tem 8 distance x from mean 
aw the : 
‘lastic Lia *'*n8!0" in spring is proportional to 


x 
istant is defined as she force per unit extension. 
is Nm7' and dimension is {MT ~}, 
city, spring opposes the applied force. ‘This opposing 
cestoring force, - 


ww 
brings the body back towards lts mean positiolis called elastle restoring force. 
force represented F; is PD 


Fants___¢& (1) 
‘sign shows that F, {s directed opposite.107 

is released, it begins to oscillate abobt the equilibrium position as shown in figure, such 
cillations are duc to restoring force and inertia. This type of oscillatory motion is called simple 


eleration ae % restoring forge 
aes i) mip get 
a a 
=IkS 


hung from a vertical spring causes It to'ptrotch 


a 0,60kg mass, and the spring Is strotched and re! 
osciilations? “ 


‘the centripetal acceleration of body directing 


Mean position O, We have resolved the 
al acceleration into its components, 


(Putting QO= a, and PO=a,) 
(cross multiplying) 


om () 
@e along the diameter Al 


where “eis the angular vel@elty of body. 


jon for a body executiny 


SM is 
a weave > 
ages 
Q 


With constant valocity, ration “a” is zero, So accarding to 
temain the same ie Ts 2m [2 Thus in part (1) the option (ee 


remain the, 
the el 


i ou Sem 
ihenaeaystne toi pnewel 


(0) romaine sane 


{0) 100m 
i oro pendulum? 
(0) mg Tand 


(0) 2H 
ine period of oscillation? 


(0) Time pariod is dacroused by factor /@ 
will be aloweat? 
Mu 


'SHM. Prove that the total energy Is co 


‘AL extreme position where 
Nig X = Xo in equation (1) 


Go} } 


force of simple harmonic oscillator a 
putting k= mo* 


oe 


oF ion 
».B and K.B. at any position. 
KE .. (7) 
jand (4) in equation (5) 


Equal to maximum K-E | Equal to 


le UT RAE | Equal tom 


be amplitude of vibration becomes double, its energy becomé 


) 4 tim (©) One half => (0) remains same 
dto springs pul som rom mean poste hoe Thacite work done wil bes 
» 


© Srou7 (hay Oe? 


ruling the SHM. What fraction of ie total enorgy Will be kinetic energy when its displacement from the: 
Is half of its amplitude? rap! 


: 1 
ytc) o> 


sored by mass spring sysem at an exenelén at 20m is 10).Whch ofthe foowing is the P-E. stored by the same 
extension of dcm? . 


‘energy is absorbed by the es. The 
eer ‘absorption ean be pe bise argent 


Oven, microwave with a frequency similar to the natural 
of water or fat molecules are used. 


tains water molecules is placed in the oven, the 

ules Fesonates, absorbing energy from the microwaves 
tly gets heated up, 

e 


of simple harmonic motion 
mof SHM 
time (x ~ 1) graph 
harmonic oscillator is 


‘extreme position. 
3 hen from equation (2), we have 


a 3 
secon 28) 3E 
.- xecos C2) 


RS) 
y 


K = X)c0s270°=x, «0 ‘ 
x= 0 Ss 

will be at the mean position. ~ 
Rave 


% oN 
the: fition at initial side. 
ff lues of displacement x and time | is called wave form, 


iperimentally traced when a mass m with a pen is hung 


the mass and there is an arrangement to move the paper 
‘mass is stretched down through displacement of x, and t =) 
x th pen will trace out the wave form of SHM, as shown. 


), "Ax" represents the change in post 
the slope of the graph is aos /e. Therefore, the velocity at point "A" will 


lon of motion of a vibrating body is known: 
"i (C) Phase 
1g the SHM indicotos 


in which the amplitude remains same 
coord lncdamped oscillations, 

d oscillations energy is not dissipated from 

Amplitude decrease due to 

System as shown in fig 7.19, ‘econ (a resletance olc) 


Fig: 7.20 
oscillation. ~ 


‘of an ideal simple pendulum is the exampl 


trical resonance: (Cc) resonance: 

anergy le desiava trom an ouaiaung ey ole 

{6) Forced vibravons 

absorber of a oar is a practios! example of: 


ee ee 


an velocity of body axetuting SHM 


aes eran te cn 


‘and frequanigy-of body executing SHM 


SS 
ous of 

Restoring force for imple pendulum ET 

Acceleration of simpio pendulum [a | 


7 Value of w for simple Pendulum 


| i Time period of simple pendulum 
| 


| | Frequency of simple pendulum 
¥ 


| Instantaneous P.e, of mass ‘pring syatom 


Maximum P,E. of m: pring ayetem 


Instantaneous K.E. of m pring system 


Total energy of mass spring syston 


i" i lied oscillations 
ion of a body.about its mean position is cal 


gy during osclilation, which prevents an ol 
EE ‘al erpatuely force It to atop oscillating 
‘CoUsed by friction, 


he 4) which opecifis the diapiacement x ax well as tho direction of motion of SHM ip 
angio (0 wi 
‘Called phi 


abject from centinuing in 
together. Damping is usually 


riancing oscillation, frequency le the number of cycles that take place during one 
sy 3 
oy | Lier ‘a poaltion of equilibrium Is called Harmonic Motion, 
ipelihces be exprossed in units of cycle #*’, 
‘ eraarein time required for one cycle in olating maton 
roe vad 3 regular intervals 's called periodic motion; 
“os Jane of a body unde the acon of #8 having frequency equal fo the 
onance je the vibration under t 
of body, os natural 


Solved Examples 


A mass of 0.8 kg is suspended from a spring. The spring Is stretched by 0.09gn) 
Calculate the spring constant of the mass when i is given 2 small displacement, 
Mass © 0.5 kg 


Force = weight = mg = 0.5 x 9.8=4.9N 
Extension = x = 0.098 m 


Incase of spring: k= = 
x 


A spider swings in the breeze {r: 
spider's strand of silk? 
Given: Time period T = 0,605 


‘om a silk thread with a period Bf 0.68. How long is tha 


Gravitational acceleration, g = 9.8 m/s 


Required: length ¢=9 


Solution; = T 2 


t= anigt? 
(9.8X0 


A masa at the end of a apiing vibrates up and ¢ 
nf amplitude of Som. Whats its displaceme: 
ven: Amplitude xo = Sem 


Frequency, /~ 0.600 Mz 
Required: displacement x? 
Solution: 


quency of 0.600 He andl 
8 9 maximum? 


cost ff 


jem) cog}B™ (0.6 H12)(2.56s)} 


“Tuning of a radio set is un example of 
() Mechanical resonance (b) Musical resonance ——(c) Electrical resonance (4) Free vibration 
‘The henting and cooking of food evenly by microwave oven Is an example of: 


(b) Resonance: (¢) Damped Oscillation —_(d) Free oscillation 
‘the same pendulum at Karachi and Murree are related as (PIISE-2019) 
@T=T (b) 1.2 Tw ON<Ty () 2, =3Tw 


syetonn the total energy of vibrating mass and spring is: 
ene (b) Low (6) High (4) Constant 


‘is maximum (b) Half way between 


Position (d) Atrest Rs 
spring constants k; and i, are joined in series. The effective spring constant of 1 


Mk tke (© kil 8D 


puyinconsenedincasoofSHM 


(ace a body attached to a spring through 0.1m from Its) 
stant of spring. 


time at @ location where the acceleration due to 
‘lock is moved to higher altitude, it loses 80 s per day. Find 


Jorce constant k, vibrates with ‘f,'. When its: 


d from one of the halves, the frequency is. 


Pstiod oF seiple pendulum depends upon paviatonal acclerallon 
Tean/e ate 
3 eB 
elcome sre ty 


de of vibration then at which disp lacement, K.E. and P.E. will b 


ling to. isi given eee: 


Pendulum of length is suspended from the roof af a tain which moves In a horizontal 
or with acceleration “a” then what willbe its time period 


#period of pendulum when the train is at rest i: 


T= 2nié 
2 


", 


Ne 


the 
@f'the following 1a the expression lor Instantaneous volooity of « body executing SHM? 


©) ofa eet panei 


@o fe 


‘The unit of spring constant ip ‘Same as that of; 
Force é 
ge a () pressure (8) flow rate (4) surface tension 
ar “bring system becomes tour times, then its time period 'T' becomes: 
(0) 27 4 r 
()T2 (d) 4 
Which Of the following isthe length of second pendulum ie approximataly? 
{a) Im (b) 100m (6) 2m (d) Both « and b 
Which of the following is the length of pendulum having timo period of 18 7 
{s) 1m (b) 0.5m (©) 0.0m d) 0.25 
When length of pendulum is doubled, ratio of new frequency to old trequansy Te: 
1 1 : 
Wz - 22 @ 
Which of the following is the frequency of SHM? 
(8) 2m b) C Os 
The Waves produced in a microwave oven have frequenty: 
Beiaso tin (0) 2450 kite () ibs d) 2450 GH 
Tuning a radio Set is the best example of: PDISE-2016) 


(#) Mechanical resonance 3 
(6) Magnetic resonn 
A simple pendulum is moved trom the Eatth to the Moon. How does it change the period of 
‘Oscillations? (Acceleration due to gravity on moon = 1.6 r/e2) Heed 
ta) The period Is increased by factor (0) The ps 

G6) The period is decreased by factor Vp (@) The perlod remains the same 
A simplo pendulum on garti has poriod of €.00, What ia the approximate period of thie 


4 
Pendulum on the moon4whare the acceleration due to gravity 1s roughly 4 th of earth's gravity? 
(rniss (On) - 2017) 


fm) 155 (b) 108 (6) 368 (245 
To double the period of simplo pendulum, Its length must be; . Wroise (on) -a0ie 
{s)neresgd i times (2) neremsedfourimes,_() Decreased by (4) Decreased 


X 


(@) 4 


ww 
othe ‘® poriod T. what will be the paicontage change In period if the 


fe pondulum it its length Ie doubled? 
‘when the velocity ia greatest. 


compare the Bewfetie bodies by observing thalr frequencies of ose 
spring. q 


Objectives 


be what Is meant by wave motion as illustrated by vin 1s In ropes, springs and ripple 


jonsirate that mechanical waves require a. ¢fedlum for thelr propagation while 
omagnetic waves do not a 


and apply the following terms to the wavs‘ model; medium, displacement, amplituce, 
Od, compression, rarefaction, crest, trough wavelength, velocity. 


Problems by using the equation: v = Ay 

cribe that energy Is transferred due (© W progressive wave. 
entity that sound waves are vibration of particles in @ medium. 
pare transverse and longitud{nat Waves. 

in that speed of sound dépends on the propertias of medium in which it propagates and 

Newton's formula ied of waves, 

lion in Newton's formula for speed of sound in alr 
ich speed of sound in air depends. 


nomenon; of formation of beats due to interference of non -coherent sources. 
of stationary waves using graphical method, 


urbane A median whieh cmos tho parts of tha modu to ovate, 
i em ea er 
three types. 


& 


vay & 
WhICh require a material medtum for thelr ‘propagation are called mechanicgh ives. 
ich Propagate by the osciaton of materlal particles are called mechaleal waves 
p & 

ES, sound waves, string waves etc. S\ 


fields and they require no 


which are produced due to oscillations of electric and 

or their propagation are called electromagnetic waves. <>) 

© waves propagate due to oscillations of electric and magneti¢- Weld. 
rexamp < 

waves, light waves, micro waves, x-rays et > 

waves C % 

associated with material particles in motion{efpalled mater waves or de Broglie waves. 

imple 

ssociuted with the motion of electron. 


Swick are produced by con@tous end 
disturbances in a edad ‘are called 
waves, (@) 


Ope, 
pe, the 
moves 


wave. = 
c ‘and rope is the medium for the propagation of the waves. 
= produces disturbance and water waves Produce. 


‘ord simply oscillate about their 
+40 which a wave moves through 
for Wave Motion 
& conditions are necessary for the 
tion of waves, 
m must be clastic, 
cles of the medium should not be 
IL of each other, so that they could exert 
A each other. Transverse and longitudinal 
an be sclup in solid. In fluids, however, 
fverse wave dic oul very quickly and usually 
‘be produced. 
Of progressive waves 
laze two kinds of progressive wa 


oe 
(5) Tew od 


eon os 


FIGURE 


waves, in which Lost id fieditin vibonie 


lar to the direction o| jagation of waves, are 


te) 
SPhich has small initial length 
rngth. 
system with its one end fixed. 
wwed from side to side, a pulse of wave 
patie, as shown in figure, will move 


{Compressional waves) 
ch ‘Did ae medium vibrate along the scons eatin ofthe 


Fee. 
ie sing is moved back and for, son the Ree ‘Then the Waves are 


| Which displacement of the spring is along to RS irection of propagation of wave 
d longitudinal waves, as shown in figure. « 


Ren Taneters energy in moving away trom te source of ceturbance i called: N 
° wave (©) traveting wove (©) rene 


‘OF 
(ane abe 
(©) Diterenteauencies _<t9)Difarant wavelength 


(C) Speed SX (©) Frequency 
with @ apieed of 20m/e then the waelingth is’ 
(8) 400m, (©) 40m (0)1m 
Shat do not need any medium for thelr propagation are called, > 
cal waves (G) Matir waves (©) Betrompghtbc waves 


©) ree (0) 260° 
waves are distinguished from longitudinal waves & the property 
(@) Oitracton $C pEhecton 
‘of periodic waves generated by a sourc 


(©) Compressional waves 


(©) Potton 
seeGAQh SH. rpreeried by 5 

Blsneane SC) Tamers (©) Comscant ce 
mem noe econ 


peed of 332 ms~' then wavelength will be: 
cS) (©) 884m 


}waves pass through 


Sra 2 pel 1 Sl be ee 


‘Maximum displacement of point in a crestor in a trough of the wave, & 


energy iransmitted per second , 
‘per unit area placed yndicular “direction 
‘af waves is called intensity ofthe waves Indeed by rapt 9 


the factors on which the speed of sound depends upon? What was Newton's 
for the speed of sound? What was drawback in it, how it was corrected by 


fof Sound in Air : 
covered by sound waves per unit timsGs%alled speed of 


ie Tongitodinal waves and their spe@yAcpends upon 
of the medium (E) SY 
ty of the medium (p) 
be the modules of elasticity (reciprééat’of compressibility) and p be 
‘of the medium, then the spted V can be expressed as, 


See epeod of sound in gases is smaller than in solids 
the sp or prestble a ths have smaller moduli 


and V bh are smal othe term yaP $Y J can be neglected 
p 4 Seay 


= Volumetric stross 
volumetria wal # 


(modulus of elasticity) 


v= vy, +0.61 °C 
2 Yo = ¥~ 0.61 °C 
Inerease in the speed of sound f i 
for each degree rise in temperature is 0.6) 
thelr carrying sound waves, is itself moving i, there is wind. C 
‘of sound in the direction of wi 


Ss) 


P1025 kum”? 
2.1 x10" Nov? 


Pret 


BARI S 0ms C 
ee) 


i025 


iy {C) Density An 
Drassure ie, then dating the presauro, the naw speed becomes equal tor 
Gov 


{sound in gas flrs related o bide! 
Ip P 
ove |E on (ve pe 
tn grater n sles due to thelr igs 
Se sae 


(6) 6190 m0 
(©) 3900 m ot (0) 2400 mam 


L 


(12 HY (0) 1.87 


(©) Iron 


As a result loud sound is heard, 


NG 
‘the sliding tube ix drawn out and the path Af mes longer than the path ACB, then the 
iving at B via 1D will be different from via C, 


‘wavelength (2), they imerfere destructively and. 


ng fork A will complete 64 vibrations (compression) 
fork B will complete 63 vibrations (Rarefaction)) Fig 8,°78) 
lon and rarefiction at the ear will cancel euch gthe¥ and faint sound is heard, 
{fork A will complete 128 vibrations (compres: 
{fork B will complete 127 vibrations (compsetqian) Fig 8.17 (c), 
‘tuning forks will be sending compressigpkiégether and thus again loud sound will beh 


‘A will complete 192 vibraioné feompresion 
kB will complete 190 vil (Rarefaction) fig 8.17 (4), 


on from A and pction from B reach the ear at the same time, they will ¢ 
d is heard, a 


6 vibrations (compression) 
254 vibrations (compression) fig 8,17 (c), 


T where N= f(beat frequency) 
Fa beat frequency and T is the time period. 


d to tune the musical instruments 


d to determine unknown frequency of ‘tuning fork, 
ts are used to produce variety in music, 


‘use beats to tune a string instrument such as piano or vie 
e The string ean then be adjusted tothe desired fea 


the process of adjusting the pitch of on: tones from, 
es unl they form a desired ay ent. Plteh_is the 


‘carried out by Ricisaivs pite < adjusting one of them 
‘relate the other. = 


y beating a note against a note of 
ey by tightening or loosening it until no 


‘Tuning 4 myvalcal instrument 


# nOE move up with the crest in same 
‘Bring upward, so the wall exert 


rales the string downward to such an 
$ momentum carries it below the zero line 
‘that upward displacement pulse is reflected 
d displacement. 


jand reflected pulses, 
er hand ifthe fixed end of the strin 


Wave pulse hed the a ing moves up 


ard pulse is 


; “a 


string, which Is tied string fs 
toa wall, 


‘when elctromagnetic waves such as ight waves are eels 
ieee Gilicktng th’ gation of objects by reflecting the 
a ronging) 


(ado audio detection and 


on of echoes in public halls and adorns which anoying oc cn pi by 
‘Proper dimensions and by avoiding continuous flat smooth walls. 


feflecting surface is at a distance less than 17m away from the source of 
0 close upon the direct sound that they cannot be distinguished. U3 
Lis known as reverberation; it causes the general confusion of the sous 


ma 
(8) 10H (Cy ante ‘ ore 
¢F No produce beats, the two sound waves should have: DQ 
ampitude (8) slohtly ferent amplitudes (C) zame trequapeies (0) slghty atterent frequencies 
forks of frequencies 240 Hz and 243Kz are sounded togetfen the number of beats per second will ba: 
os 2 


c > (0) imanaty 
Increase and decrease in loudness of app eae 
() Interference Jo) Beats {0) Polartzation 
‘ofthe following changes due to Interference a} to sound waves of same frequency? 
(@) Tere period <S7 (0) Wave engin {D) Ampinude 


en lage a (0) Retain 


fork the frequency of sound: 
(C) Increases (0) First increases then decreases, 
ince for constructive interference? 


(ym 


0 where A is wavelengtit) 
}4wo consecutive antinode is 2/2, Vs 
one node and next antinode is 1/4, 


fstanding in the medium berween nodes nadie rica nen 
h these points, That is why stationary wa ‘also called standing waves, 
between P.E. and KE, between nodes. 


ait their extreme positions 
athe whole eneray is K.E: 


waves are produced cui6 superposition ‘of a wave traveling down a: 
in opposite direction) 


ary. waves in a stretched string are quantized, 
stretched string f,=n fy = 


> 


Jefgth chen the string vibrates into two foops as 


ssbpiton in this mode, then 


> IPL; is the frequency of ‘sound, then speed becomes, 
OR ot 
§=5 


veihy 


Pating value of 25 = 4 we get 


fen 
y 
g f= sq) 
So Rest (siedegt = 6) 
_ Which is the frequency of third harrhonfe. 
ration AG 
column vibrates in n logp)sthon, 


for the fundamental 
harmonics in open 


S 
ae ‘known as flindamental frequency, and the other are sieeoy an 


tudinal 
ewerigg, atONBrY waves have discrete st of frequencios {e2h, 3p sorssn Mf ae kn 


where n * 1,2,3,4,5 el 
D245 oS 


pea, o in 
at he bot tr 


tle is clove 
aibplacemen 


If you place OH libs nau the edge of a soft-drink : 


| bottom of 

Once you have heard , 

ages’ eee et 
for other resonances.. 

iat the Laraar ace cous iis os 

_the lower the phigh heard 


va 
within ond 
1 Sound 1S 


‘then the wavelength at stationery wave will be: 
wm 


2 
pl totale ora ne ae a 


)270" 
(2) Varatie (0) 2000 
fg Ia the wavelangth of « wave for siosed pipe ha¥ind the length L In fundamental made? 
_ a ILLS (Oye 
orgen pipe cloned at one ond? 
(O} ig 
ental frequeney a: 


H {C) Nodal treauency 
the bs ‘08 le vibrating in two sepmenta, When ot se foecng Ie 


" the feawaney sound, caused by the rel 

r listener or both, is jad pete epee if 

Inter relates the meaured equency ofthe wave tothe relative 
on {s called Doppler Effect after Christlan Johann Doppler who 
should be observed for sound and light waves due to rela 


describe Doppler Effect consider a source of sound "8" 
B sound Waves of velocity ‘v', ‘original frequency "f" a 
al wavelength * 4", 


Source "S" and listener L are at rest then the liste 
4” number of waves in ono second, 
between 501 "and listener “L" 


pumber of waves are compressed in dinners 
this > 


a taphig trey Sots cack: ote ta 


Fonzi) 
e f 


tothe listener is v= (vb) 


 Ifllam driving and | hear Doppler 7 b able to tell when It was 

Getting Closer and also ifithas passed whether | needed to pull 
Over and clear the road for ambulance 
ne “08d for ambulance, 


1(3) What frequency is received by a woman watching-an oncoming ambulance moving at 110 
Wh and emitting a steady 800 Hz sound ‘ty 


‘Siren? The speed of sound on this day is 
(b) What frequency does she recei 


1 ambulance has passed? 


Speed of source = a= 110 km/hr = Moe QQ 1600s = 30,6 m/s 
F= 800 Hz c 


¥=345 m/s Q? 
The apparen shen the approaches ~ "=? 
‘sounding oes the stationary listener then apparent 
heard is, 


345 
-| 349] < 800 = s78ti 
Yaz: (eis) 


m ; 1s sound, 
b peace bye cjet rag quency higher than te q 


‘than 20,000 Hz to ony desired frequency, but normally with, 


¢ dovice has been developed that vibrates at 25 billion Hz, 
mic Wave of 25 billion hertz has wavelength of about 10™'m¢ Which is smaller th 
Misible light (10"'m) and comparable to the wavelength of x-<ays (10" Sm 
that a wave is affected only by an object which is larger yan its wavelength, 
(a direct relationship between the depth of penctratitsa’and the wavelength of the: 


ies carry much more energy than the sound svaVes of equal amplitude but low fre 
fare the some important uses of ultrasonic waves 
power of ultrasonic waves makes them xpMiable in medicine for diagnostic work and blo 


Work an ultrasonic signal is transinfited through a patient. By the analysis of reflected 
Is, the eysts and tumor in the boy can be located. 


wn great importance. 
iznon- destructive testing of metals 
‘of high freq ‘made to travel in a beam with a litle spreading. 


tal 
nm Ora met 


ic Sound waves oe 
waves can be generated by any object which is capable oF ein at  fequeny higher 
a’ 


rai 


ons and rarefaction so when they are allowed to fall on 
is produced across the erystal faces, 
fier and the ultrasonic waves are detected, 


Pres ube supported horizontally with an air cohumn in 
2 in thy tube. 


fant 
where = 1, 2, 3,4, 00 


= 


node) 
frequency when 
(A) Moves towards. 
onary source 


rent frequency when 
arver() moves away 
pm stationary source 


frequency when 
‘Moves towards 
ry observer(C) 


froquency when 
) moves away from 
observer(D) 


Key Points 
‘Acisturbance of some kind.kf.ateans of which energy is transmitted from one place to another 
is called wave & 


‘Waves: The effect produced due to:the superposition of waves trom two coherent 


2 oudiness of sound which is heard when two ' 
, fee eat! 
ol having the same ample: 

line, produces a wave kr 

aes aes 


= 432 ms 


Two planos sound the same note. Ifthe vibration from one [a 221. 
Sther Is 221.40 Hz. What is tho beat frequency betwoon the two no! 


Beat frequency = f, ~f, 
£=221.60 Hz ~ 221.40 Hz 
f= 0.20 Hz 


The speed of a wave on a particular string is 24 m ¢ 
Ariving frequency will it resonate. 


jpostible resonance wavelength are given by 


(4) Polarization & 


Tiit Hatener are both at rest relative to each other, If win blows from, 
‘then which one of the following of sound sill change? ESS 
() Speed 
(¢) Wavolengeh 
Meet on the speed of sound ins gut 


(9) Temperature Qo 
‘net transfer of energy by particles of medi \ 
d (b) Tray 


ium in eS 
2d) Stationary wave 


(d) 1.0% 10"H, 


(0) Twe 403 the individual waves 
‘of the individual waves (4) Vibe bf the individual waves 
He that of the individual waves : 
Hal frequency of @ closed organ pipe fe, 
tal frequency will be + 

(b) ost An(6) 2 (a) 4f 

‘of wave ts doubled, then its intensity is 
(b) halved =a (6) quadrupled 


{ree is moving towards ny Hstener with 1/10" of the 


If both the ends of pipe are opened then ity 


é) one fourth 
of sound. The ratio of 


iy 2 
OF 


Putting a= 7s 


Frequency of the untined instrument by 
the string, 


the musica ntruen 4) i 
frequency s 


BE ani! antl: node. At node the amplitude of vibration Ip 
‘nodes, So there sn want of ney thoi he medina + 


changes with 
‘Sound increases 0, 
Yo + 0.614 


i reeeioee ee 


‘Htisnot possible fortwo astronauts fo al 8 
. lirectly to one another If remove their helmet > 
Featectse the sound waves are longiudlal mesheneat wate aioe naan TAD ro fort 


Propagation, 
AS fare ls 00 material medium between the two astronauts, +o they cannot talk dipegily 10 ene another through 


td the frequencies at which a test tube 16 cm Jong resonajes when you blow across iis 


Length of tube Le» 1S em=0.15m 


‘Speed of sound 2 OC" = y= 332 mis 
Fundamental frequency for closed tube is 
Vv 


= 3 f= 3m 553 = 1660 Hz 
$f = 5 «593 =2765 He. 


HOMO Sror08 


Comprehensive Questions 


9 questions. 


Wihat Is meant By wave motion? Define the terms wavelength and frequency and derive the 
them. 


‘ranaverse wave with examples and clearly explain the difference 


Y 


eek? 
_AB8Ed Of wave in stretched sting is 


the thooretical 


cal 
aR 


y= _332(1.0395) 


ALTERNATE METHOD 
= y+061t (where t=22°C) 
m= 332+ 0.61 (22) 
vo o= 3324132 
RS 
wo tuning forks P and Q give 4 beats per second. On loading Q lightly with wax, we get 3 beats 
"second. What is the frequency of Q before and after loading if the frequency of P is 512 Hz? 


Frequency of tuning fork p= fp = 512 Hz v7 


Frequency of tuning fork Q=fo=? fe) 
No. of beats before loading tuning fork Q\@ beatss 


$12 = 4= 308 Hz 
516 Hz of 308 Hz P 
‘16H when tuning fork Qis loaded with way its frequency decreases. 
Cer ik Q is $13He then it can produce 3 beats per second when its 


pipe = L=3.6m 
first overtone of open pipe = f; = 2f; 


a 
fag) w 

‘overtone of close pipe = f= 3f, 
far 


ee e=33 mene @) 
Aoygiven condition 
‘open pipe = First overtone of elose pipe 
values from Equation (1) and (2) 
2Eidewer = 3Fideone 


ye 


n 
b6 ‘string the same as tho speed at which a paril 


with a a iia sepeed of sound emitted by 


oves away 
of sound Is hea 


Tosion, arrobescrer ‘Senses a ground tremor and then hears Fe 
he time difference? 


frequency: 
(¢) Remains the same (4) All of these 
Fie Varese apron tere let 
O.Se lm 0.75 
Iftension in string Is increased four times, then speed of waves Inge’ 
(@) Stimes (6) 16 times &P 


3 


{c) constant (6) N6rigasa} 
from one medium to another then which of following deas rlot change: 
FA) Frequency } speed OB 
{sound at 0C" Is 232nVs at which temperature it will becomaaBE4avs 
{b) 546% ern 
Ws 10°C then speed of sound in air will: 
(by 340 mx" )3381 me)” (6) 339 me 
‘waves in stretched strings are Indogdntent of 
pefloops —(b) Tension in the string (6) Pot Where itis plucked = (4) Both ade 


©) CKF 
propagate by oscillations. otal particle are known, 
()) Material waves: (@) (oc) EM waves (4) Mechanical waves. 
ad flow, ultrasonic waver? ___are used 
(6) 9MHz= 90 Mit (d) 20 MHz ~ 200 MHz 
closed its fundamental frequency is__(v = 232m) 
(6) 332 He 


(e) 170i, 3402 (G) 255Hz, 42502 
‘of sound Is two times its velocity at 10°C 


Wwoise 2019) 


(€) Density (4) Humidity 


‘nergy by particios of medium in: 
(b) Transverse wave 


raves 10N) 201m, 
(c) Progressive wave (4) Stationary wave 


‘of a wave becomes double, it energy becomes: > 
(C) four times NXO) six times 


e 
(C) 333ms” (0) zero 


* (B) 2000 second (C) 0.2 eacohe (0) 686 second 
Is moving towards stationary listenet With 1/10" of the speed of sound. 
10 real frequency is: 


lids than in gases? 
een longitudinal and transverse waves. 

fal which a test tube 15 cm long resonates when you blow acrass 

vibrates in three loops, The tension in the string is 270 N. 


PHYSICAL OPTICS & 
FP 


ne 


light waves as a part of Glectromagnetic waves 2@ 
the concept of wave front <t 
te Huygen's principle and use it to construct wave (ant after @ time inter 
Recessary conditions to observe intertergage of light 
be Young's double slit experiment snd. es 6ricence that i 
‘of light. 
in colour pattern due to interferengé rnin films. 
the parts and working of Nigt@igon interferometer and its uses, 
A diffraction and identity Gut Interference occurs between wi 


m. 


provides to support the wave 


that have been 


on at a narrow silt, 


diffraction grating to determine the wavelength of light and carry out 
nh 


Whastted through experiment 
lectromagnetic wa eS 


light as a propagating wave of electric and magnetic 
‘generally, he predicted ths existence of electromagnetic 
‘coupled electric and magnetic fields traveling as waves ota apecd 


678, Huygens’s, an eminent Durch sciensist, proposed that light is the 
of energy which travels in form of waves. 


Spaced 
The errowe represent rays. 


‘ras eagmenia of arye ashencas 
Sr was saya 
cheno 

EXPLANATION: 

The wave fronts fer away 


Qs 
of waves have same from the source are very 
Bee i 9 etm: 
. portion of the sphere wilt 
point source propagates outward in alt | the plane wave front 
time 4, the Waves tench the surface. of an 
‘as S and radius as “ct”, 
ts from the source is same 
teers 
uch as surface is known as wavo front, 


which ‘ 
nt phase Seon. called ae frequency, equal or comparable 
a ae Source of light and life sustaining radiation is the sun. ~ 
ne eee’ Of light are the hot bodies which radiate light and infréfex? radiation, 
oad ee Of light emits 2 very large number of waves with randoma;pbkses. Because in a light 
ea constantly changes, as light is emitted in short bursts wheftelectrons in individual atom 
nergy changes that occur very quickly and randomly. “: 
Changes occur abruptly when different atoms come in to actiog Whis is true for light coming from, 
ent parts of the same source except laser. To get two cohergt waves from a point source, one of 
following two methods is adopted 
Division of wave length, as in Young’s double slits, Frespél's by prism and Lioyld’s mirror. 
AL Division of amplitude by partial reflection and transmpiGion at a boundary as in Newton's rings. 
Do You Know? 
Monochromatic or single colour ight is specifetsby a single wavelength. It's very dificut 


J eget stay monccrromatc source of bet Mwave, ung ers one can gta source 


Which gives light within 2 narrow band of wavelength 


the interference of light, diseUss its different types and conditions for detectable 


ition of light waves from two coherent sources passing through same region 
fronce of ight” 


Fig:8.6 


‘trough of the other wave, then 
interference in known as 


Ofer to observe the interference phenomenon; 


xPeriment is based on division of wave front. 
Neb falls on the two sits as shown in figure: 


fr lit behaves like the source of secondary wavelets. 
ic vave front incidényon the s 
portion of wave 


a ; Raye 
i, Superposition of these wavelets result into the series o| 
esters leaving Stoel the second sereen placed at some distance parallel to the 


p Ere igmyind] sla asia tgs A a 


ae 


<4 


e@ between two adjacent bright or Gerk fringes Is: > 


film of irregular thickness at all possible angles, 
spectral colour separately. 


construction and working 
ometer. How can you find 
used? 


cris an optical Instrument. S 
interference of light waves an, = 


between the two parts of light is either zero or integral 
interference will takes place and brightness will he observ, 

d= O,2,24.52.. 

d=m, 

m=0,1,2,3, 

structive intorferen b 
& path difference between the two parts of light ix od ral multiple of half wavelength then 
e interference will occur and lads will be see ate 
a 


mirrors “M;"* and “M;" are aXagbidistance frorn plate “A”, so the two beams travel optically 


fe "B” is used to inirodueg (Same retardation in beam "2" as introduced ia beam “I” by its 


through plate "A". 


SD 


od sas bears oliligh atic ad bright fringe is observed, due 10 


fon flight produced by a narrow slit when plane light waves are inckdent 
waves emerging from the slit are also plane, is called Fraunhofer diffra 


der the aca through a single slit and record the transmitted tight of 


sort of interference effect. 
sr plane wave fronts which are inc 


On grating is interference and i 
mo aitacton png uo wong shown he Fig 9.18 & 


falling on the grating sends from each slit. 
‘ Ca Se RL ale, . 
Vays after diffraction through the grating make an angle 8 withthe not point of 


fre then brought to focus on the screen a the point Pb ‘aconvex lens. 


> 
i between the ray number | and number 2 is one waveleaa, then rays interfere 
ively and bright fringe witl be observed at the point P. 


Sondition for constructive interference is that the path 5 es rq between the two 
tays should be equal to ), 


Ar=i ) 
5 ABHd 
Him the triangle ABy we know that 


dSin6= 
there will be other direction side of line OC for which the waves from adjacent slits 


by 2h, 32 ete and for whictrhe corresponding bright images will be observed, These are 
as third order imag Te grating equation can thus be written in more general form 


= 
ah plat oP 
ite ei nn ten nai esp 


in a horizontal orbit then the light wave emitted is 


Sept as candle flame, a filament of bulb or the sun is non 


are from different atoms whose electrons experiencing the 
fon. 


tic waves which consist of periodic vibrations of electric field 
field vector “B” at right angled to each other as shown in Fig 


structure of the tourmaline crystal j>juich that it allows only those elect 


tions which are paralle! to iis crynellograpti axis while absorb all remaining 


will be plane polarized. 10 “sheet of Polaroid is placed in such a way dl 
ines drawn on them, are parallel, the Ii 


‘beam of light, as axis o rotation, the light emergh 
and disappears when the axes become 


1) sin ip ™ ny sin, 
ny sin ip 
sini, 


2. 
%  cosi, 
Lam wi 
ta] 


his is known as Brewster's law, For glass of refractive index | 


tions of Polarized Light 
g glare 


Saused by light reflected from a smooth surface such 
fing materials as the reflected light is parti 


roads and lakes can be reduced by sis 
ly oriented are used in sun glasses to av 


by using 
“or completely polarized. Thus, Polaroid dises, 
ipofarized light. 


in front of the camera lens which enabling us 1o 
detail which would be otherwise hiddemb¥ glare. 


‘Grotgh certain crystals (Quart), oF liquids, (Sugar solution), the 
polarized light is found to be rotated. This phenomenon is 

the angle of rotation depends on its concentration, and an 
‘used to measure the concentration of the given solution. In 


the sugar concentration in the solution obtained from sugar vane. 


of the 
For 
is 


a window, one inside and the other outside, The inner one is rotted 


if cach car having | Wn Unt i refiecteg rom the 
ret ewer, Polaroid | P¥CY polaris. 


sing = amen i 


where m= 0.4 


‘of Young's double slits 
experiment 
at amet Pane of Michelson 

ne Denn an 364 for he racine measurement of wavelenath : 
ta itfaction Fer eens around an obstacle and spreading into its geometrical shixdow 
NV dsin 0= ma a Sr ret elon SW oer 
Sitraction of X-rays 


as 
2d sin 6 = mh” 08 Obtained by means of crystals. For difraction of X-rays theBraga’s Law 


tion Of light: The process by which the electric 


tric and magnetic vibrations sof light waves are 
led to @ single plane of vibration is called polarizatio a ie 


A of light, 


‘Yellow light from a sodium vapour lamp of wavelength 5893 x 10-” m Is directed upon 
two narrow slits 0.10 cm apart of the Young's experiment. Find the position of the first 
bright and dark fringes on a screen 100 cm away. 


Wavelength of light = 2. = $893 « 10" m 
SSeparation of slits = d ~ 0.10 cm=0,001 m 
"Distance of slits from the screen = L= 100m = Lat 
“Order of the fringe = m= | 
Position of the Ist bright fringe = yun ~? 

Position of the 1st dark fringe = Yan"? 
"AS for the bright fringe is 


1«5893«10"" 
Yuet * Sop 

7 A 1x5893x107 
You = E59 0.001 

= 2.953 «10% m 
5 , 
Gag nm produces Young's interference pattem. The second 

of wavelenGt ro rection that makes an angle of 18 min, related to the srection 
fringe . What is the distance between the slits? 


=5,893x10-m 


== 5a6 nm = 546% 10% m 
soe? 
0-18 min= 5-03" 


(d) Wave front 
Which one of the following properties proves the transverse wave nature of light. 

() Interference (b) Refraction (c) Polarization @ Diffoation 
Coloured fringes observed in soap bubbles arc rhe examples of 

(a) Diffraction (b) Interferene: (c) Polarization (d) Reflection 
Daring « sunny day we see the objects in a ciass room even when all the electric lights are off, ue to 
(W)Reflecton oflight (6) Refraction of ight (c) diffraction of ight (d) Interfentate of light 
‘The principle of Michelson interferometer is based on the division of 

{a) Wave front (b) Amplitude (©) Frequency (6). Spped of light 


In the Voung's double slit experiment the separation between the slits is halved and the distance between 
the sts and the acreen is doubled. The fringe width is 


(@) Halved (b) Unchanged (c) Doubled (d) Quadrupled. 

Sigual from a remote control to the device operated by it travels with the spied of: 

{a) Sound (b) Light (6) ‘rasonic (4) Supersonics 

Light of wavelength 2 is incident normally on » diffractio grating far Which the slit spacing Is equal to 32. 
‘What is the sine of the angle between the second orver maximum(and the normal? 


(5 ot or 1 
Which of the following 
wavelength, visible radiation. 
(2) Gamma rays, microwaves, visible radiation (8) Radio waves, ultraviolet, X-rays 

(0 Ultraviolet, infra-red microwaves (4) Visible radiation, gamma ray, radio waves 

‘wo monochromatic radiations X and Y aréihcident normally on a diffraction grating. The second order 
Intensity maximum for X coincides withthe third order intensity maximum for Y. What (s the ratio 
: wavelength of X , 

wavelength of Y . 


@} OF © (@) 


jes three regi 


ns of the electromagnetic spectrum in order of increasing 


=i 


edocs nor give a sharp image. Is due to 
haa Interference (c) Diffraction Refraction 


ser ANSWER EXPLANATION 
en] The correct option should be ™ wave front” 
Cid Lene ‘YDSE is based on the principle of division of wave front 


—— 
E AL 


wool) 


d—shalved and L~+ doubled then 


wavelength Ar, m= 3 
dsinO= 3%. 


So 
‘Comparing equations (1) und (2) we have 
y= 3a 


Sap bubble Is about to burst then its thickness is very dmall (almost zero), 
beer of lgke mys is reflected from denser medhim from upper side of soap bubble and have a path 


‘part of light rays is reflected from ra tedium Git) lower side of soap bubble and have no path 
: he reflected rays have path difftnce 1.2 duc to which destructive interference produces and soap 


; ight lls on pass, water 


Seg 
ce putting this value ing, (1) bd 
> sini, =m sin (90%) 
ny sini, =n cos, 

% sini 


n, Cosi, 


Ly 
= =tani, 
hb 


jis known as Brewster's law. 


@ of Light Waves 


he effect produced by the superposition of light waves fen tivo coherent sources passing through same region 
jsame direction is called interference of light. 


F detectable intorferonce pattern: wi 
Srdlition must be fulfilled in order to observe the imterfereho® phenomenon; 


reas Franny Dot monochromatic. Due x&Dhése reasons, it s not possible to see the interference where 
“beams from the head lamps ofa car ov 


phenomenon 
very short wave length (=10" m) as compare 1: 
ps pd oh BiG 


that light waves are transverse? 
Polarization of igh roves tha light waves are 


thas electric and a magnetic eld c 
‘omponent which 
aes othe and propagation of light is perpendicular to 
h waves can be polarized but longitudinal waves cannot be 


igh waves are transverse wo mae of polarization of light confirms that 


PAS the wave propagates in (say) the z-direction, the electric fieldriNoxcillating in (say) the y - direction and the 
petic field is oscillating in the x ~direction. 
(Since the x and y-axes are perpendicular to the z-axis, lights fansverse wave 


Comprehensive Questions 


Tesponse to the following questions. 


What is meant by the dual nature af ght? Discuss the history about the nature of light in detal 


lee Theory. S 
sin the diffraction of Xays by crystal and derive an expression for Bragg’s law to find the 


avelength of light used? <<“ 


“al arrangement for the production of interference fringes by Youngs 
ind get an expression for the fringes space. 


Describe the construction and working of Michelson's Interferometer. How one can determing 
the: 


wavelength of light used by this instrument? ae 
EMER See 07 from book. 
9. What is meant by plane polarized | 


light? How does this phenomenon decide that light Waves arp 
transverse in nature. 


GEER See Q.12 from book. 


. Be @roece 


‘3 young double slit experiment, the se 
520 nm is falling on it. Determine the 


aration of the slits is 1 mm and ted light of waveler 
di 


istance between the central_bright band and the fifth 
Bright fringe on the screen which is 3m away trom the eit 
Data: Separation between two slits d=Imm 


Wavelength of red tight = 2 
For fifth bright fringe = m= 5 
Distance between slits and 


620mm = 620 x | 


Distance of $* bright fringe from fs 
Solution: 


Forma y= MAL 
Putting values 
y 
¥ = 93x10 
(=93mm] Answer 


Por 4” dark fringe <Gn >, 
Wavelength of 2° light» 2, =? 
For $* bright fringe = m= 5 


Position if ark fringe is 
1 
oe at (m +3) (Putting m= 3 for 4* dark tine) 
(ands =(3+4) Fak 
61) 4 
ae 
Tht 
Oai)y = 7a —— 
Position of bright fringe bs ’ 
(Yoniad 


Putting m=5 for 3* bright fringe, 


rr =i 


o ase Imm = 0,1 
of light = 2 = SBOnm = $80 10-7 m 
ber of fringes =m =? 


f.40. How thick must the film be, i it appears black, when 
is on it normally? 


hw B28H 10" Sin ge 
ee 
a= BARES oon 


= 0.488 x 10"! m, 


‘m is used to get Bragg reflection from a 
‘maximum, What are the possible layer plane spacin 


Wavelength of x-rays == 048 10" m 
Angle of diffraction = 9 = 29° 

For 1" order maximum = m 

Crystal plane spacing = d= 


2d Sin 8 = ma. 


2 (0342) 


= 0.70% 10" 


Spacing of one set of crystal planes ia NaCl (table salt) is_d= 0.282nm.A monochromatic 
N of x-rays produces a Bragg maximuim when its glancing angle with these planes is 8 = 7? 
ning that this is a first order maximum (n=1) Find the wavelength of x-ray. 
imum= n=l 
Chyler sping 50> 0.282 x 10°m 
as 


Reig he we 


Oe aire 
7 


i) (2 Aneel dekelaandigg 


the distance between the coherent source 4. 


AL 

sy 

When Young's double slit apparatus is brought from nir into water then wavelength of ight decreaging and the 
fringe width AY decreases. 


What changes would you expect if monochromatic light is replaced by whi 
diffraction experiment? 
The diffraction patiern is coloured. In higher order spectra due to higher dispet 
colours and a diffused pattern is obtained 
How can we obtain the plane wave fronts (Parallel Rays) of light? ] 
(As the wave fronts are the parts of sphere: 
part of the spherical wave front can 
(i) If the source of light is atthe f 
lane wave fronts 


lightIA single sip 


on thereat} 


of very large radil. Then for JarBe distances from the source, 
rays of light) 


the lens will constitute the 


-garded as a plane wave fron? {paral 
lens, The 


Ma class room door is open even just a small amount, you can hear sounds coming from the 
hallway. Yet you cannot see what is going on in the hallway. Why is there this difference? 

The space between the slightly open dc the wall, G 
‘wavelengths comparable with th: 
‘out in the whole room. Light waveleng 
diffraction for the light. So they do not spread 
hallway. 

Why does a diamond sparkle more tharla glass of the same shape and size? J 
‘The refractive index of diamond is very high and its critical ang] c., 24°), When a beam of light entes 
it, itis totaly reflected number of ihe} insides it and it emer 


$ in random directions causing the sparkling of the 
diamond. But in ease of glass réfrective index is less and critical angle greater than diamond, oo it does i 
sparkle like a diamond, 


From Past FBISE Papers 


(FEDERAL BOARD) 


acting as a slit for waves. The sound waves have 
‘pening and sound spread 
cre is a very little oF 0 
-¢ what is going on inthe 


ed of 
‘out bythe room and we table to 


pot of Newton's ring appears to be: 
(6) coloured 


2 inal waves do not exhibit: GQshordee 
(b) refraction (6) diffraction 
3. rhe ‘change of 180° is equal to the path difference of: Orta 
OFA (2a (3a 
“4. Bending ota around edges ofan obstces called: 
(a) Refraction (b) polarization (©) interference (@ diffraction 
« #5000 lines per em are ruled on aifraction grating. then sit spacing a ber 
¢ @sno a (0) 002m (©)2* 104 a" (@2*1goae 
of liffraction grating is 
(@) dsind=34 


(©) longitudinal wave (4) transverse waves 


© 
un’ight appears coloured due to 
of light 

otehyie {intereene of gh 


(b) Produce double refraction 


the plane of polarization of polarized light 


4 plane polarized light into circulatory polarized light 
( ry ght 


Index of rarer madium with respect to a denser medium is: 
(b) 1 (c) Greater 1 
tion grating has 000 lines per cm. its grating elament 8: v (PRISE: 2018) 
(b) 0.2 * 10° cm {c) 200 «10° om y 
(018(0N) 2018) 
(b) 2nsind = da (6) 2sind = nd, ean sin » 
Ison’s Interferomoter, a fringe is shifted, each time the mlitor is displaced through: 


ws (rseion 208 


‘The fringe spacing varies inversely with the: 

Gistance between slits and screen (8) separation batween the slits 

‘wavelength of light {O) none of these 
The blue colour of sky is due to: “ 
(A) diffraction of light —_(B) refiection of light (C) polarization of ing (0) scattertt ‘of light 
‘Soap film in sunlight appears coloured due to: x 
{A)scattering of light {B) interference of white light 
(C) retraction of light (O)dispersion of 
1f5000 lines per cm are ruled on a diffraction grating, the slit spacing oF ing element will be: 
(A) 2«107 cm (B) 210" cm (C) 210 em 10% om 
Two monochromatic radiations X and Y are incident normally oyna diffraction grating, The 
Second order intensity maximum for X coincides with the third) Otder Intensity maximum for ¥, 
What Is the ratio “2¥sienatn ot X 

a 3 
wt © 
The tip of a needle does not give @ sharp image. It jg ail to: 
(A) Diffraction of light _(B) Interference of light _(C) Pol 
Question.No.2 Give short answers of followings 
SEQUON-B 
Why Is the fly wheel of an engine made beavy In the rin 
A ball is just supported by a string withebt Breaking, If it is set swinging, | breaks, Why? 
Why does the coasting rotating systgin slow down 9s water 3 


Explain why mud guards are used Or the wheels of cycles, motor cars and other driving vehicles? 
Explain, why is there weightiogeneas in satelites? 


ht __ (0) Refraction of light 
(3x7 maf) 


ik anglo of 45° required for aero-piane to turn on a radi 
ed In spaceships? Explain me 


SECTION~C 


Need = experiment for demonstration of interference of light in deta be . 
‘slits are Muminsted by light of two wavelengths, ono of which is 6.8 x 10°? m. On the 
fourth der. tne of the known wavelenath coincides with ihe fith bright tine of the ight oh 
wavelength. Find the unknown wavelength, : 


rao Ellre Bree-e-w 


ss 


Describe that thermal enevg 
ly \6 transferred from a region of NMipliér temperature to a region of lower 
tempersture We Ae ee bes 


Describe that regions of equal temperatures are in thermaheduilibrium 


Describe that heat flow and work are two forms of enerptransfer between systems and calculate heat 
being transferred 


Define thermodynarnics and various terms associates With it 
B) Relate a rise in temperature of s body to an increg#6 in its internal eneray 
Describe the mechanical equivalent of hpd).concept, as it was historically developed, and solve 
Problems involving work being done and temperature change, 
Explain thet internal energy is determined by the state of the system and that it can be expressed a 
the sum of the random distrioution.a netic and potential energies associated with the molecules of 
the system, ‘ 
“Galculate work done by a therr 
Describe the first law of thermodynamics expressed in terms of the change in inter 
“Heating of the system and Wark done on the system. 
in that first law of4hefmodynamics expresses the consarvation of energy, 
heat and molar specific heats of a gas 
rodynamics to derive Cp ~ Cv= R 
principle of heat engine 
rept of reversible and irreversible processes, 
4 ‘second law of pencirenie, 
‘tie working principle of Carnot's ‘i ertofthe 
‘efficiency of a Camot engine is independ ature of the working substance and 
oe ag of hot and Gok reservoirs, : 


o 
< 
= 
£ 
= 
Zz 
3 


g 
5 
3 
5. 
3 
2 
E 
2 
= 


‘The fret 

textbook was written in 1859 
by William Ranking, 

forms of energy such as | “#N@d a8 © physicat and a 


and J 
tical energy and vce versa teahneeingprotusar atin 


‘thermodynamic. 


> Principally itis based on wy, 


0 laws of Ul as 4 ‘oh 
‘second laws of thermodynamics, thermodynamics ie, the first and | University of mr) 
Misa practical subject that ¢ 


xplai (beat 6 5 
Bi thermocyrarnie Plains the working of heat engines, ref 
 ltplays a central role in technology 
> Allthe raw energy available for our use is liberated in the form of heat. 
i_Whatis thermal equilibrium? 
Thermal Equilibrium 

When two objects at different temperatures 
transferred from the hotter to 
are at the same temperature 
‘These observations rev 
due to a tempera 
transfer. 


are brought into @ytact with each other 
the colder object until the bodies\ra@eh th 


energy is 


mal equilibrium (that is, they 


Q Two bodies, one hot 
and the other cald, are 
kept in vacuum. What 


will happen to the 
" j temperature of the hot 

body after some time? 

A. Due to thermal 

. x radiation, after. some 

—_ time the cold body will 


fain heat, and the hot 
body will lose heat, 
When the temperature 
of the two bodies 


I that heat is energy transfern 


° 
i al e ey are not 
Fae ve, the soft phase higher temperature than te ce, so they are nok 
earner kde ke fu toe ares ompertuewt hy| | DSN eal then 
each the sane tereefative, 7, achieving equim preset fs 
eS Tr drink and ice are both in contact with the ular. 
| as “1 the bench, the ultimate equilibrium temperature will 
mrrounding ia the 
% ndings. ait 
be the sanses ai ob de iilllndann est have is 
| w il 
oe 
¢ od ics. 
‘plain work done in thermodynanm 


@ is defined 5 F854 ye dane by assem when te system 


= ‘on the system by its surround 
es eae cote eet, rv the work done ca 


done by a system is considered 


— —— — = 

Temperature of a normal healthy person is 37°C. What will be the temper 
of adead person? 

|A. It depends on how long the person has been dead, Temperature of dead body slowly 
‘approaches that of the surrounding place (surrounding air) ¢ 


Define and expiain internal energy. 


Internal Energy > 
The sum of all the forms of molecular energies (such as kinetic and potential energy) of a substance 


‘is called internal energy. (OR) 
The sum of the kinetic and potential energies associated with the randomynotion of the atoms of the 
Substance is the internal cnergy of the substance 

a Whe Kinetic energy may be in the form of translational, rotation: 
IE Atoms in solids vibrate back and forth about their equilibrium position: 
IE Molecules in a liquid wander around among the other moleculé%Yaving 

fand thus exchanging energy 
I Mn gases the molecules travel about at high speeds ardShave frequent elastic collisions with their 


neighbors, 

BP When We heat a substance, the random motion ahdthe energy associated with it are increased: heat 
Wenergy is Converted into the internal energy of the substan 

> Similarly, work can be performed on a substedee in such a way as to increase the random motion of the 


atoms, 
_® Since Temperature « <K.E> if 
© Therefore internal energy of an ideaf gas is directly proportional to its temperature. 
“The increase in temperature of thé object indicates an increase in the internal energy 


jenergy is 2 state function » 


jbehional kinetic energy. 


quent collisions with them 


Joule. Another common unit used for heat is calorie, : 
‘nergy required to change the temperature of one gram. of water by 1°C 


supplying heat to a body there is another very general method of raising 
#) Fa body. The method isto perform work on the body. A few examples are 
Possible to warm up your hands by tubbing them together ; ~ 
‘When we hit a noil with a hammer into wood, the nail gets hot. te; 
Pumping up a tyre with a hand pump heats up the pump. ie 
Hall these examples work is done on a body which warms up without heat Sapply 
Saar cusion is that heat and work both can increase the temperature body but they are mutually 
tinct forms of energy. ‘ 
difference between heat and work is that work can be éxeManged between an object and its 
surroundings by the over all displacement of the object withoutyeauiring the difference of temperature 
Whereas transfer of heat energy can be brought about by a feiiperature difference between two bodies. 


fi Bore with a small drill into a hard board, The drill becomes hot to touch. Why? 
What happens if hard board is replaced by a soft board? I! 
A large amount of work has to fe in making the bore which produces a large 

amount of heat and the drill be¢djiies too hot to touch. In case of the soft board, 


the friction is less, small wof&\has to be done in making the bore. Hence heat | 
produced is also small 


S 
isthe energy needed to change the temperature of 1 kg of water by 1°C ae 
a 


° Wo 
fhe equivalence between Jiéap and work was established by Count Rumford, James Joule and others. 
|1798, Count Rumforg%eh artillery engineer observed that a preat deal of heat was given off in 


ne 


tal, 
‘could be produced by friction, i, work done against friction converts in to heat 


normal healthy old man Is Jess than that of a normat 
‘old, blood circulation often becomes poor, resulting in n 


he Archimedes principle, the floating substance dis 
change in the water level as the melted ce wil 


ic system 
ie system includes anything 


a 
en ‘ bedi 

ries Of changes in thermodynamic system is called 

aeplewng ‘echnical terms which are essential for the 


‘oundings by its boundary 
© of energy between the system and th 
hrough the boundary by the f mance Of 


flow of heat. Fig. There are several kinds of syetems 


he system in which heat energy can flow in to or ow 
$$ Cannot enter or leave it, is called clo: ed system. 


(Tn hotng te tan pana ten. leon 
it ea oer Sepetapn 
casos tap Ger wep ae pre 


Pei sea energy and mass can enter or leave it, is called 


y can take place from the 

spliém the transfer of heat energy can tal 

ing or vice versa. Plants and animals are examples 
rounding vie er, Ps inal a can 


a.) 


shobae* bag is higher 
thastwater ie. (100 °c) 


ven water is. inside 
ithe polythene bag, then 


\ by heating — the 
polythene bag: it 


vansfers heat to water 
and polythene bag does 
not keep enough heat 


fPonit to Pondod 

Q.An ink dot on a white 
Porcelain dish appears 
dark. When the dish is 
ralsed to a very large 
temperature the dot 
appears brighter than 
the surroundings. 
why? 
When temperature of 
dish is raised to very 
high then it begin to 
emit radiation of 
different wavelengths. 
Due to this reason the 
ink dot start to appear 
brighter than its 


‘Process, the working substance passes throy ¥, same 
iret process, but thermal and mechanic: Nae at euch: 
reversed, 


Out in the reverse 


i ss, work will be done | fissures on ‘your 
The application 


original condition lubricants decreases 
ea are driness of skin, 


f events whi cs aie to its initial state is called a cycle, 


in a cylinder is reversible process as the compression can be 
t pressure on the piston to reverse the operation, f 


‘ jn pressure or change in the state, If at the 
1f0 expand, then AW is the work done on aes 
Per SMeTY AU Ua UN. esos) 
tial intemal energy of system 
Us is final internal energy of system 
equation (1) 
@) 


ltting values from equation (2) ina) 
Us-U, “AQ - AW ., 
fem under goes cyclic process then Un =Us 
ting Us = Ua in equation (4) 
Un Us = AQ ~ AW 


= — — —= 
Q, Two blocks of ice when pressed together,combine to form single piece.Explain 
how'this happen? 
RS ops. are pressed together litle, heat is generated due to pressure | 
h i ich just melts the outer layers and friction decreases 
re is decreased and due to the low temperature of both the ice 
er just refreezes and blocks combine to form single piece. It's 
n. 
beavi phenomenon of melting under pressure and freezing again 
assure is reduced. ‘ 


lied to 
ows that in an isochoric process the entire amount of heat suppl 
energy of the gas. The pressure and temperature of the gas will inci 
emoval of heat from a system under isochoric condition will cause 49.63 
nal energy. The system will coo! down and the pressure will fall. i) 


horic process is called an “isochor, which is a straight line, parallel ‘Pressure axi 
Fig (10.4 b). 


Fig ia 


ics process in which the pressure Kept constant is called an isobaric process, 
in of a system is often used to gaye heat into work 
I heat engines depend on the repeat of heat into work. 


the gas contained in 0 cylifder having a conducting base and non-conducting walls and 
on of cross-sectional agea{AX) as shown in the Fig (10.Sa), 


d(P) be the volume, Eipperature and pressure of the gas. 
BAO i ed into the system at constant pressure then gas expands and moves 


Vi 10 Vz W2>Vi) 
es from Ty 10 T; (h>T) 


a small displacement (AY) in the upward direction, the work done by th Y 
ntis. ; 


comes from one of both sources: hent supplied 


Process is called an “isobar”, which isa straight line, parallel tothe vehi os 
oN 
Se) 
t 


bess In which the temperature of the system renssigy constant ls called Isothermal, process. 
Lets consider the ideal gas is filled in a cylindeediiving a con 

ind with a movable piston at the end us shown inde Fig. (10 
‘base of the cylinder is placed on a heat ségbrdoir at 1 


ing base and non-conducting walls 


wire of the gas at (T 


(PT) 


— MT) 
@) v 


ib) 


(on piston) is decreased from P) 10. (Py <P) 
m*VitoV2 (V:>Vi) 
s temperature of the gas tends 10 fall but heat AQ is condiicted 
re of the system remains constant equal 10 the 


on 


rece mn cnt io hangs neil eyo t 
lv tari 0-0 +4 
aoew 


OQ= Al 
ated And ee and does externa! work, an equal amount otheas Ss be 


ely, ifthe gas contracts, work is being done on it and equal amount effoath has to be allo 


a ljrocess the condition for the application of Boyle's Law “ Ried 
PV. = P2V2 


in which no heat enters or leaves the system is c ue process. 
(oR) ‘ 
fs In heat energy of the system remains constan?s called adiabatic process. 


Process the walls,base and piston of Ginder are insulating so that no heat can eMart : 


Ace ih Adiabatic process no heat enters or edyes the system ie, AQ = 0 
ure decreases: Oo 


onijrbeve equation shows that work is done by the system a the expense of inl 
Al snd hence the eaperatre of he gs fl, 


‘The curve representing an adiabatic process is called an adiabat. 

An adiabat js steeper than an isotherm 
‘Adiabatic Process 

apid escape of air from a burst tyre 
‘expansion and compression of air thro 


h which a sound 
on in the atmosphere, 


‘rate of formation of lee on ponds decrease pradu 
Is formed. Why? 


‘When ice forms cn the water surface then atilify to cool the water beneath decreases | 
85 ice ia insulator 


inthe Joe sheet continues to grow thicke'will act more and more as @ heet insulator 
for the water. Water below the Ic fer heat to the outer coo! atmosphere. I 


panwbt 
‘That's why temperature of densecq/siér at 4°C does not further decrease |e. it remains | 
water. 


(C) Entropy (0) Ternperature 


(oew 


(0) None of thea 
aw of thermodynami 


thas absorbs 8,00 x 10°V of energy while@oing 2.00 x 10° of work on the envi 
@ constant pressure process. (a) Compfep-the change in the Internal energy of t 
Internal energy now drops 4.80 x 4aSCand 7.50 x 10°J |e expelled trom the systems 
In volume, essumin efessure process at 1.01 x 10° Pa. ‘ 


‘energy supplied 
‘Work done by the sy 


“Change in volume 
= 1.01 x 10° Pa 


“hu =-450x10 
7 50x50)! 


DY x 103) ~2.00 x 10) 
-2,00) x 10%) = 3,00 x 10°) 


240 apps ong stems, sch as 
biological thermodynamics (Figure 
8U™ Q~ + fod eengy nee 


T “e 


w ) =>) 

Figure (a) The frst law of thermodynamics applies to metabo, Heat giDaverred but oF 
the body (@) and work done by tne body (W) remove Internal energy, heheas food intane 
ePiaces |t. (Food intake may be considered work done on the bo TD) Plants convert 
Part of the radiant energy in sunlight Into stored chemical edbrhy, a process called 
photosynthesis 

Life itself depends on the biological transfer of enacgys Through photosynthesis, 
Plants sbsorb solar energy from the sun and yse\¥its energy to convert carbon 
dioxide and water into glucose and oxygen, Bbehosynthests takes {n one form of 
energy-light~and converts it into angtKetYorm—chemical potential energy 
{glucose and other carbohydrates). Hunfafiinetabolism is the conversion of food 
into energy given off by heat, workrYone by the body's cells, and stored fat. 
{Metabolism is an interesting exaqnBlest the frst law of thermodynamics in aet{cn, 
Eating increases the internat eniecgy of the body by adding chemical potential 


forrn 
p-heat 


energy) required to ratse (he temperature of one kilogram of a substance up to one 


heat. 


contains different number of molecules. Sometimes it is, 


‘culled mole. One mole of any substance contains same number of 


the heat 
peer est 


=i a 


7 iuids the change of volume and hence work done 
Pressure during a change a epenat is negligibly 


F But gases suffer variation in pressure as wel as in volume with the rise in 


- emperature. Hence, to study the effect of heating the gases, cither 
‘pressure oF volume is kept constant 


‘Molar specific heat at constant volume 


‘The amount of heat energy required 10 raise the temperature of one 
mole of the gas though 1K at constant volume is called molar specific 
‘heat at constant volume. 


, AQ/=6,naT 
D Where C, is molar sy 
mol" K" 
(2) Molar specific hoat at constant pressure ‘ 


The amount of heat energy required (o raise the temperature of pad mole of the yas through Ka 
5) GOnstant pressure is calted molar specific heat at constant Pressure 


mecific heat at constant volume and its SI unit is} | 7. ne peat copechy a 
Constant volume 


AQr™ cp nat 
> Wherec 


§ molar specific heat at constant pressure and itgSTinit is J mol K ‘ 
ofCp-cveR 


FIGURE: 40.10 


Tf moles of an ideal gas are heated at constant ‘Veluthe so that its temperature 
Tises by AT then the heat transferred AQ, is eivet-by’ 
AQ, =n CAT = 
Applying first law of thermodynamics, .<) 
AQ, = AU +.AW A 
Putting value of AQ, from equation, Oy 
AC,AT = AU + AW?) 
Since volume remains constant (ice AV= 0), so work done by the 
system is zero, Thus the above équation becomes 


4Q,= ‘AU+aw 

from equations (2)(3) and (6 in equation (7 
nC, AT = nC, aT =nkat 

AC, AT=n ATC, +p) 


Point to ponder 5 
football in inflated in a warm room 1s used out of door on a adig\day. What happened to 
EOE Of gas in the bail wil decrease, 4 

ING to ideal dueto gasiaw, PV = nRT 


Vvett 


ho ¥ pe 
R V= Volume, nro. of moles of gas, R = Gas nT = Temperature of gas, P = Pressure, 
pareture falls on cold day but the pressure of the age kept constant. then the volume of gas in 
will decrease 


(8) 1.5K 
Fora diatomie gow C, = °F vier, abenma* "tortie gue ie 


y yas psc isc [ea [ec [7a] 
= -, 


Asis used us working substance in heat engine 
is taken through a cyclic process. 


is made cyclic to provide a continuous supply of work 
heat Q; from heat source, converts some of i 
W by expansion and rejects the rest of the heat Q> to oh 
in ih 


enerey= AQ = Q) ~ Qz 
= am s Schematic representation | 
10 1" law of thermodynamic: of a hoat engine: 


{tas the ratio of work done 
tothe heat supplied inna 
byn, 


lectric spark, Electrical energy is, 
in the plugs fring end if the voltage supp 
‘Spark ignites the gasoline/air mixture in 


is phd Park plug in diesel engine ,then how does fuel burn in it? 
Fete Sngines spark plugs are not needed. The air from the atmosphere is. 

fo the cylinder of the engine and then the air is compressed to high pressui 
eventually leads to the increase of temperature. when the diesel is suj 
Sompression stroke, the temperature developed is more enough to ignitt 
This high tem, 


erature makes the fuel to burn and then expansion of g: 
from where the power stroke is obtained 


BOs yen: af engine extracts 2.00% 103 J of energy from alot reservoir and transfers 
PDS 103 J to a cold reservoir. (a) Find the thermal eficiency of thx engine, (0) How much work 
bes this engine do in one cycle? (c) What average power dada‘the engine generate if It goes 
ugh four cycles in 2.60 3? ‘ 
Heat supplied to the system =Q, = 2.00x 10) . 
Heat energy rejected from the system = Q, = 1.50 x 10°. 
Time for four cycles ~ 2,508 ~ 


Hence time for one cycle is t= 2.501 


0,625s 


Thermal cffisiency of the engine==? _< 
Work done by the sy: in cycle = AWS? 
Average power delivered = P = 


Using the equation 


Work done is: me 0, 0.25 x 2.00 x 103) = 5.00 x 104) 
Power delivered is 00 x 10° wart 


- es aes ~ 
te and explain Second. Law of Thermodynamics. 
‘ Law of Ther namic 
= Lord Keivin’s statement for working of heat engine, 
ines ae Ne Qozonstruct a heat engine operating in cycle which absorbs heat from a hot 
+e weds its it completely into work without rejecting any het to sink”. 
> OR 


*) 
Herne gnamis isa generalization of law of conservation of ener. 
of 


Sai engine is a hypothetical engine that operates on the 
hot eyele: Sadi Camiot in 1824 proposed this ideal engine 

nal and adiabatic process, ; 
4 heat engine operating in an ideal reversible cycle 
Shoat reservoirs at different temperatures would be the most 


engine works on the same principte 
heat from hot body, convert a part 
Ag part to cold body 


8 that of eyelie heat engine. 
OF fio work and reject i 


A'Camot cycle using an idea! Bas as a working substance is _< 


>) 
Hin P-V diagram. It consists of following four steps, ‘s 


essure decreases from P, to Py 
Volume increases from V, to V 
ETRE NES is allowed 10 expand isothermally 
Py WePinerature Tichigh) absorbing heat Q, ‘ 
The process is represented by « 
sdeereases from P, to P, ee 


ne inereases from V3toV, > 


Wasi then allowed to expaadiabatically until its 
Be drop to Ta(low), Rie-frocess is represented by 
& KS 
Py 
to Ve 


this 3428s compressed isothermally at constant tem Ty jecting i 
sendin The process is represented by curve CD. St T2(low) rejecting 


increases 


SS 


rey transfer in an isothermal expansion or compression toe out to be proportional to Kelyin 


Qj and Qs are proportional to Kelvin temperature T; and Ts tespectively. 


‘The first successful 


petro! engine was 
invented by Nikolaus: 


Diesel in 1892. 


lepends on the temperature of hot & cold reservoir. 
of the working substance. 
'e difference of the two reservoirs, the greater is the efficiency. 
es the cold reservoir is near room temperature. So the efficiency can be increased by 


in such a way that some amount of heat (Qs) is 
ture (12), F 
the compressor ofthe refigertor on the working’ 
+O; 

D1 O3 reser) ot 
efrigarator isto extract as much heat (2) ag padible from the eo 
Tittle work as possible, ~t 

6 is defined as the ratio of the WRount of 


‘the heat sink to the work Tequired.t9do $0, 
mance for cooling or cooling ey ratio is 


) 


Irby Qo we get 


SS 
7 


< 


Sa 2int to Ponder 
meno on 
‘downwar (less denser) : 


In hot climates, so they are unused to the cold theyre Kept ata cold 
chal biatew are inhibited. And as those enzymes become 
operate ficient brownir 
Beats tan ly. Some cause cell damage, while others ( i 
does the refrigerator switch itself OFF intermittently with some noise? 
© fefrigerator is trying to maintain temperature. It does that by foliowidg the setting of it's 
jostat, ON when called for. OFF when satisfied x~ 
The noise |s due to the turning ON and turning OFF the compressor: 
then the refrigerator enters the defrost cycle and the compressor sei The compressor is under 
load at ida ‘and will come to an abrupt stop that causes they tor to vibrate momentarily as it 
e mn > 
~- 
ine and explain the term entropy. mS 


etaddomness, of a system. 


Dpy is state variable of thermodynamically sysgy 


Beliiwas introduced by Rudolph Claudius in 1856. 
This gives quantitative basis or mathematical formula for second law of thermodynamics. 


WGhange in entropy is denoted by AS A 
B If AQ is the amount of heat absorbed hy” the system at temperature T. ‘Then change in entropy (state 
Wariable) of the system is, ¢ 
+AQ 
$= =F 


like internal energy¢apd potential energy, it is change in entropy 
its absolute value. 


is more import 
~~) 
fe (means that entropy increases) when 


of entropy 
). This i pe cnlesl aad ema 
undergo. nr nafuel pooces: tl go i the direction hat causes the ne 
wironment to increase”. & 
hat a natural process tends to proceed towards a state of greater disorders) 
‘irreversible heat flows from a hot body to a cold body to inet dis 
entropy is increased. 
increases the disorder; hence the entropy is also increased. 7 
On of gas increases its disorder because molecules have greater randomness of} 
than before. = 


Process entropy of system increases. 
bility © nical Work (i. J 


‘consider two water tank of different t 


arts to flow from het be 
anical work is done due tot 


2 rgy tends to pass from more useful form to less wef 
; in entropy means thé.dégradation of energy 
¢ to continuous increase in entropy 
ding for doing useful work. Qe 
O 


ahd state of disorder of the universe the energy is contim 


of the univoxse will reach at maximum val 


27316 (027310 
ystem after one complete Camot cycle Ie C 
12) Nogatve 2 
(0) Sometimes postive and scinabmes negative 
pendent of nature of substance? 


(©) Fabrenhatseaie > (0) 
mixture of 


oe 
a 


1A) Positive (8) Negatwe 
The increase in entropy means the increase in 
(A) Disoraer (8) Unavalabity of energy 


In reversible process, entropy of a system 


(A) Remains constant 8) Decreases gradually 


FOR YOU INFORI 
. Se 
‘more carbon atoms in loggar-thains than gasoline does (gasoline Is typically COH20, while diesel fuel is 
“9 "oe 
" Kiel, which is why it used to be cheaper than gasoline. 
: Pteraky nan gesotre (On average, 1 galion (3.8 L) of diesel fuel contains approximately. 
while 4 gallon of gasoline contains 132x106 joules (125,000 BTU). 


d efficiency of diesel engines, explains why diesel engines get better misage than 


‘of 3.00 x 102g of lead when it melts 
os ang. (b) Suppose the same amount of en 
“already at its melting point of 961° C. 


= 10'S kg! = 735 
the ead? AQ™ mi = O3Kgx245 x 10 
Rocio area Biase eee = 1225 IK" 
Changs in entropy of heat Is , 
y aber Ty 2st = 5.956 IK" = $.96 IK 
we T 


(oe = 
er ~—s 
Pe) are 


n= 
& ’ 


| 


lics: The branch of physits which deals with the la 
forms of energy and vice versa is called thermodynamics, 
Internal enorgy: The sum of the'kinetic and potential energies associated with the random motion 
the atoms of the substance i$ Cafled the internal energy of the substance 

First law of thermodynamics: This law states that if an 


‘system 2 part of it maysincrease in internal energy by an amy 
‘Used up as the external 


‘ansformation of heat into dl 


jount of heat energy AQ js supplied 1d 

}ount AU while the remaining pat 

ork AW by the system. AQ = AU + AW. 

Molar specific The quantity of heat required to raise the temperature of one mole of 

eubatence ¥°C oF 1 K is called molar specific heat or molar specific heat capacity of thi 

8: A process is said to be reversit 

‘any change in the surroundings. 
ible Process: A process which cannot 

ling factors is said to ireversibie. 


be relraced in the backward direetion by 
engine: A heat engine is a device for com 


werting heat energy into Mechanical work, 
Process can be y 


on Solved Examples 


4 heat engine operates with 65.0 keal of hi 
How much work did the engine do? 
Heat input Qy, = 65.0 keal 


t Supplied and exhausts 40.0 kcal of heat. 


Given: 
Heat rejected QL = 40,0 kcal 
Mechanical equi 

Required: §— Work done = W 

Solution: §— The rel 


lent of heat 1 keal = 4, 184 4 


ship between these quantities is found in equation, 


W=JQx-Q, 

Punting values 4,184 (W/kcal) 65,0 keal — 40.0 keal) 
4, 184 (W/kcal) (25.0 kcal) 
8, 184 * 25.0 (J 


In a certain process, 400J of he 


at energy is supplied.to'a system and at the same time 
150J of work is done by the 


system. What is the increase in internal energy of the 


system? 
Given: Heat energy sup the syst 

Work done by the system, AW = 150) 
Required: Increase in intern ot em AL 
Bolution: Using fthermodynan 


ange iq Wternal energy of 200g of nitrogen as it ls heated from 10°C to 
tant volume? (For nitrogen gas Cv = 20.816 J mole” K", 


Mass of nitrogen pas m= 200g 


Initial vemperatuigetyitrogen gas T= 10° 
Final temperate of nil 


Change in géeipérnture AT = Ty Ti = 30°C 


Required: Change in internal energy 4 
Wolution: — ydtseviar mass of nitrogen gas M = 28g per mole 


. m 200, 
Number of moles, 4 "ag per mote ~ 7:!43 mole 


SD” The heat added in converted entirely into the intemal energy ofthe nitrogen gas 
S suaacat 
‘AU = 7.143 mole * 20,815 J mole" K' » 20K 


jotwaen two temperatures whose difference le 100°C, If 
rapt the source and rleots 646 J to the sink, calculate the 


‘of the source and the sink. 


te the given Values in the above equation, we get: 
_ 7461-546) _ 100K 
7461 T 
2003 _ 100k 
m6) 7, 


T= ae #373K =(373-2737@ 
= 100°C 
T=Ti = 100°C 
Ty =T,~ 100°C = 100% 


iaximum étficloncy of 85%. It takes certain amount of h 
of dt 


ts the remaining heat 
‘source |s 600 K then find the 


Maximum efficiency of Carnorhest engine 
Orn =58%= 055 


0.03 kg 
Constant temperature at fusion point T= 0*C= 273 K 

Latent heat of fusion of ice Hr= 3360000 J kg 

Meat removed from water = AQ = mM, 0.03 x 336000 )« 10080) 
Change in entropy: AS» ag 


Select the correct 


change the equilibrium state m via two.different process. Assume that th 
initial and the final state are th is * 


same, Which of the quastities AU, 4Q, OW ani 

pe he quantities AU, AQ, SW and AT must be the 

(2) Only 49 and aw b) Only AU a 

Tn any process the maximum amount 0 

~ Gad)oan be converted 

B) )Depends upon the amount of friction 
(@) Depends upon the intake and exhaust temperssbed 


kinetic or potentink 


(4) Only AU and W 
hanical enefity that can be converted to heat 


ery is involve 


DB Iman isothermal change, inte 

(a) Decreases (b) (©) Becomes zer 4) Rei 
A thermos bottle containing ot, coffee Is vigorously shaken. Consider coffee as the 9 
temperature: 

(a) Increases (b) De 
(6) Remains the same (4) Decreas 
Maximum work can ve-obtained In the process called: 

(8) Cyclic (b) Isothermal (6) Adiabatic (4) twochorie 

‘A heat engine inites in 800) of heat ut 1000K and exhausts 600 of heat at 400 K. What ls the netwal 


ine? 
Reeraevncet to orm 


rature of the heat source is increased, the efficiency of  Carnot's engine 
(b) Decreases 
(4) First increases and then becomes constant 


elow than 0°C 


‘constant 
a 4 
ee MORIN, ()273.16°F 
oximated jal gas ats oe 
ohagg {t) High prenare (6) High density (6) Low teerperature 
‘of the gas is to be increased by 4 times, then: 
‘and pressure must be double 


(@) 273.46K 


AUP the temperature must be increased by four times 
Fhe preoure most be inresed by fur ies 
increased 


\tropy decreasing? 
ay) weno PY Beery A plat is ahatered Be 
(©) Anege is scrambled a ign onal 
112) Ifthe temperature of source and sink of a Carnot engine having eff 
then the efficiency n: ‘ (a) Decreases 
(a) Remain constant (b) Become } (c) Increases 
Option ANSWER EXPLANATION 
bis 2) 
Only AU and AT uRS fat vate of system is equal 10 inital’ gy hati 
ohieent phat initial tompenatare and fini 
srg ee qual O>thitiol tater 


Depends _ upon the 
amount of friction 


Remains 


Tet tya00K 
Since 


Now 


: 1S 1k = 05 SOR 
‘When temperatures are decreased by 100 K, then; 
natal 2 


7 
m= 1=033390,67 


ma 
te ath othe Sun ouphly149.6 mon om, 


———— 


PHYSICS ~ Xi (s ») 


} is not in thermal equilibrium with because 
radiant energy itis also losing heat in various ways ep peti — 


Earth and the Sun are not in contact with i 
[particles can directly interact with each other ‘each other. Usually things reach thernal equilibrium if their 


> But the only way for energy to move from 
eaten Re Son eek t© move from the Sun tothe Earths via EM radian, because ie space between the 


_Also very small percentage of sun energy can reach earth. 
tse gad mane nn 8 eet whey done ot tie metre eround ie ole aE 


the hole and make it small? 
@) * 


Hot 


> Ifyou heat the ring it expands, making the circumference bigger, When a block is heated its 
temperature increases . 
} The block will expand on heating and its all dimensions increase x 

‘Therefore diameter (size) of hole also increases. z 


~ Athermometer is piaced in direct sunlight. Will it fead the temperature of the air, or of the sun, 
‘of of something else? 


When thermometer is placed in direct sunlight is @i ead the temperature of its surroundings or temperature of 
airsurrounding the glass bulb. 
when the temperature of the thermometrig"spbstance becomes equal to the temperature of surrounding then 


thermal equilibrium is reached 

A normal thermometer cannot be used 10 measure temperature of sun. 

Temperature of sun can be estimated by studying its spectrum. 

"The pressure in a gas cylinder containing hydrogen will leak more quickly than If itis containing 
yxygen. Wh} 

“Recording to Graham's Ww of diffusion, the rate of diffusion ofa certain gas is Inversely proportional to square 


root ofits molecular miass, = & 
‘The sae ‘mass of a gas the greater will be the rate of diffusion and vice versa. 


As the is lighter than oxygen i-e its molecular mass and density is less than that of oxygen therefore rate 


“of diffusion of hydrogen gas is greater than oxygen, 
- Wy the pressure in a gas cylinder containing hydrogen will leak more quickly than the gas cylinder 


ing oxyg 


qo the fomparature of a room in which an alr conditioner is left running ona table 


middle of the room? 
“of the room Will not decrease but it increases slightly , 


absorbs heat from the room as well as rejects heat in the same room at the same rate, 
sion of gas some beat is produced due to friction in the compressor .This heat is also expelled in 


‘amon the room will increase slightly. 


Outside atmospheric pressure is less than the air pressure inside the tube, 
: ead expansion produces whch caves cooling. 


the peas ‘of first law of thermodynamics. 


Faeten of abnorption or evolution of bat 
at under what condition and in which direction tgapformation of heat and work takes plage 
Fell about the entropy of ayster. IF all energy is congez¥e¥, entropy cen never be achieved; if entropy 
“achieved, conservation has failed. 
SP YasE Reese, according othe second lw of Hehaodynamics, 
{free from thermal pollution? 
ENGEB No. It is nor possible to construct m heat engine that whl not expel heat into the aumosphere 
Reason: AN? 
D> According to 2nd law of thermodynamicg-Lard Kelvin’s statement “It is impossible to construct a heat en 
operating in cycle which absorbs heat hhot reservoir and converts it completely into work without 
‘any heat to sink” a 
Brey tet ness or) 


the surrounding and produce thermal polution. 
ics, 


27+ 27 = 500K 


We=1+27 «300% 


N% = Ox 100 = 4096, 


The inventor of en ine clnimed its eMckaney 45% therefor his clam isnot vali 
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__Comprehensive Questions 
Give short response 40 the following questions. 

ee 
Sararanrety, the following terms used in thermodynamics ‘System, Surroundi 
See Q.5 from book. 


Distinguis! 
See ind Q. 


State and explain the first Iaw of thermodynamics 
‘See O.6 from book 
Inthe light of the first law of Gierinodynamics doscriba the procossay: 
fa) Isochoric process {b) isobaric process 
ic) Isothermal proce: ind (a) Adiabatic process 
See Q.7 from book, x 
Define the mol: ‘capacities C, and C, for a gas. Show that, fora mole of an ideal gas; Gy = 
G.=R NL 
See Q.8 tronr 
__ Explain with examples reversible and Irreversible processes, 
“See Q xa he book. 
“What Is meant by a heat engine? What is its main purpose? How Is Its 
Q.10 from book. 


‘of thermodynamics In Its alternative forms, Discuss 
I liper lt 


nd 
ings, Boundary 


ong the three forms of enexg): work heat and intarnal eneroy 


from book 


; 


ice 0.12 from book. 
‘do eae by a Taligerator? How does it function? Derive an expression 


at 20 f falls from a height of 854 m, If the whole energy.te \used In increasing the 
t of wator ig $200 JK" kg 
Data; Initial semperature of water = T)= 20°C = 
Final temperature of water = T; =? 
Height from which water falls = h= 854 m 
Specific heat of water=c™= 4200) kg"! k-! 
When water fails on ground then its P.E 
Converts into heat energy 
Lossof PE = gain of heat energy 


Ot ideal gas is uniformly heated at consta 
the gas, calculate the Change 


‘Heat supplied at constant pressure’ 
“ye lal 
Change in internal energy = AU =? 


4 Recent gtn7AW=? 


Gy Cr 

Cynat _<OfPuting 40, 1803) 
oe (p= rey ) 
180 (@) 


22> (Pasting Cyn a= au) 


AW = 45.54) 

AW = Q-Q@ 

Q =awra 
= 45,54 + 336 


Calculate the change in entropy when 10 kg of wa 
{Specific heat of water is 4180 J mo! 


d from 90° to 100°C? 
kK) 
Data: mass = m= 10kg 


Initial temperature = T; = 90°C = 90 + 27: 


308 
(00°C = 100 + 2734373 K 
= AT =373 ~ 363530 K 

c 4180) mol ; 


3634373 
2 
368K 
Hleat supplied t0 water 
AQ = C. 


= 117%6~3528 


Federal PHYSICS ~ Xi (Subjective) 


‘A block of ice at 273K is put in thermal contact with con ‘steam conver 
of ice to water at 273 K while condensing some of the eean (Behare: aaron. omertna 25 
{a) Find the change in entropy of the ic 
(b) Find the chang 


Data: Temperature of ice 
Temperature of stream, 


wom =373 K 


Mass of ice block 5.0g = 239 ig = 0.025kg : 
Latent heat of fusion of ice is H, = 336000 J/kg 


Change in the entropy of ice = As, 
Change in the entropy of stream 
Change in the entropy of ice = ASwiens =? 


Solution: 


The heat absorbed from the stream i 
4Q = mH;=0.025kg x 336000 J/kg = 8400) 
The change in th py of ice AS 

As, 08 
Change in 

MS ream = ~= 2 WK 
Negative sign shows the entropy of the’stéam. 
Change in the entropy of ice AS, 

AS, See+ AS ean 30.8 J/K 

Seine K = 8.27 1K = 839) 
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Additional Conceptual Short Questions With Answers 


Why the food is cooked quicker in pressure cooker? 


Inpressure cooker, due to inéredse in pressure the boiling point of the food rises so the food is cooked quicker. 


A person Is painting. the celling, and drop of paint from the brush falls onto an operating 
incandescent light bulb. The bulb breaks. Why? 


An incandescent liyht bulb has glass that receives light from the bulb filament. The glass heats up by radiations of 
filament and byiconvection through gas filled in glass. Thus, glass becomes very hot. 
When drop Of paint falls onto the glass, that portion of glass suddenly becomes cold, and the contraction of this 


‘region creates thermal stresses that causes the glass to break. 
down values of molar specific heat at constant volume and at constant pressure and find 
tio constant y for mono, di and polyatomic gases? 


Vv 
Value from eq, (2) in (1) 
arvy 
<= = Constant 
RTVY* =Constant 


tyr = Constant 
R 


ER is also a constant 
TV?-* = Constant 


jin why adiabatic is steeper than an igo 


fan isotherm and an adiabatic are draw on the same ‘g7aph, it can be seen that adiabatic is steeper than 
the isotherm. This steepness is du€49 the reason that in an adiabatic expansion, the system does work op 
the cost of its own internal efefgy. While in an isothermal expansion energy is supplied by the heat 
reservoir, O 

Adiabatic process is faster than isothermal process, 


Due to these reasons adabat iar steeper than isotherm, 
is mos > (Alternate Method) 


ee: 
dv 


labatic process 


£ sxen(S)i 
==7k(1/V™)(1) 


AE i i) pening 2 =p 
vv y 


ure through 1K 
all the heat absorbed is used to increase temperature thro 


reserat FMYSICS — xi (S; : 
& From Past FBISE sorry 


(FEDERAL BOARD 


For a mono atomic 988 C,=3R/2, therefore ‘gamma ‘Y for this gas is: 
. (a) 95 (6) 53 ais ; 
(©) 4/15 (A) 18/6 
2 _In thermodynamic process the equation AQ=AU represents process; 
(a) Isothermal (6) lsobaric (©) Adiabatic (4) Isochoric 
cn An isothermal process is fepresented by: , 
(a) Charles’ law (6) Gay-Lussac law (©) Ideal gas law (4) Boyle's taw 
4 _Inan isothermal process, internal energy of the system: i 
(2) Increases (b) Decreases then increase _(c) Decreases (d) Remains: 
ase (0) Decreases ) Remains sohitat 
$ Ifthe temperature of the source increases, the efficiency of a Carnot engine, 


(a) Decreases (b) Increases than decreases (c) Increases (4) Remaibs same 
The efficiency of a Carnot engine working betwoen higher and lower temperatures T, & T; 
respectively Is given by 


% The expression for pressure exerted by 
1 


(aP 3° b)P 3 ; 
6) Maximum efficiency of Carnot engine Is always 
(a) greater thanone —_(b) less than one (c) equal to one () none of these 
9%. In reversible process, the entropy 
(o) remains consta ) $ (orbe ) initially increases then decreases 
10, The triple point of water is 
(a) 0K r 3.16K (4) 273,16K 
41, What would be the efficiency of a Carsot engine op rating with boiling water as one reservoir 
Gnd a freazing mixture of ice and watéhas the other reservoir? (FBISE- 2017) 
(a)27% 67 2 4) 100% 
12 Ina reversible cycle, tho entropy‘ot the system (raise: 2017) 
(a) First increases and then deer ) Increases 
{c) Decreases d) Does not change 
13. A frictionioss heat ongine ban be 100% efficient only if Its exhaust temperature is: (FBiSE (oN) 2017) 
(a) Zero kelvin (b) Equal to its input temperature 
oY bale ds ne ibe i thermal /ithout transfor 
system undergoes a reversible isothermal process withou 
14, The temperatura at Which a sy: fT p pooner: 


of heat is called.as; 
{a) Reversible tcmperature 


(b) Critical temperature 


(@) Absolute zero temperature 


(6) Kelvincfetiperature : 
18, The entropy of universe always: (raise 2018) 

(a) Increases and decreases simultaneously (b) Remains constant 

(oflpereases (4) Decreases cae 


efficiency of diesel engine Is about: 


(a) 30% 10 35% (b) 25% to 30% (©) 45% 10 $0% (A) 35% 10 40% 


SELF - ASSESSMENT PAPER 


Question.No.1__ Choose the correct answer from the given options. le 
SECTION-A 
4, Fora mono-stomie gas cy =28 then y 
3 s 0 48 
w? > 4 
2, Which of following is correct for 1 calorio 
(a) 4204 (8) 104 (Qa 
3. Efficiency of carnot engine can be: 
(A) 100% (8) Maximum (C) Infinite 0) Zerc 
4 Temperature would be ime on °F and °C at___ 
(A) - 40° (B) 40° (C) 30 
& In an isothermal change, internal energy: 
(A) Decreases (8) Increases C) Become’t Remains constant 
6, Areal gas can be approximated to an ideal ges at: (reise 
(A) Low density (8) High pressure (C) Hight’ density D) Low temperature 
GusstionNo2 Give short answors of followings 
SECTIONS® 


w Why does the pressure of gas in a car tyre increase when it is driven th 
Ai) prove that area of P-V graph is equal to work done by the syste 
(Wi) Can specific heat of a gas be zero or infinky? Can specific heat 
(iv) An inventor claims to developed &-heat engine, working b 


having an 

efficiency of 45%. Is the claim valiq? Why? 

1) What happens to the temperature ota room In which an alr concitioner islet running on a table n the 
midile of the room? 


(vl) Differentiste between reversibie and irreversible process, 

(vil) During one cycle, an engine extracts 2.00 x10” J of energ, 
J t0 @ cold reservoir. (a) Find the thermal etficiency of the 
do in one cycle? (c) What 
3? 


y from a hot reservoir and transfers 1.50.x 10? 
@ engine, (b) How much work does this engine 
age Power dogs he engine generate it goes through four syeiee ng 


Question.No.2 Extensive Questions. 


13) 
= SECTION-c 
{a} Wheti{Gamots Engine? Expisin te working and calcuate its eiciency. Aig state Carnot’ theorem. 


@ 

{Gérmat heat engine absorbs 2000 J of heat trom the source of heat engin 

(0) J of heat during each cycle to sink. Calculate efficiency of engine orgersan arabe com rT 
‘Sot work done during each cycle, Coe 

{@) What is mechanical equivalent of heat? @ » 

. eae | OE ed 


THE END ; 


HYSICS HSSC —| 
SECTION-A 


is compulsory. All parts of this section are to be answer = 
completed inthe first 25 minvles and handed over tothe Centre Superintondng ea PAPE TST ahouNE be 


Deleting/averwriting isnot allowed, 


‘The SI wnit of solid angle is: 


A. degree B. radian (I D. reyphition 
IK. B=B,K the seater proavet is: 
A, additive B, associative C. commutative 1D) multiplicative 
y ‘The rectangular components of a force of SN are: 
A, Band 4N B, 2.5 and 25N C. Vand 2N D, 2and3N 
5 Distance covered by free falling body in 2 second is: 
A. 49m B, 196m c. 392m D. 441m 
K —_Ufmomentum is increased by 20% then K.E Increases by: 
A. 44% B. 55% C. 66% D. 7% 
7, _The consumption of energy of 60 watt bulb is: 
A 30 B. 8) Cans D, 16) 
& —STunit of moment of inertia is: . 
A. Kym B. Kym C. Ken? D. Kem 
§. Who gave the inverse squure law for gravity? 
A. Einstein B, Golileo ©. Newton D, Plank 
10, Pressure will be low where the speed df the Muld Is: 
A, Zero B, High C, Low D, Constant 
‘The displacement of particle having amplitude ‘a’ in SIM in one time period ist 
A. zero Bea C, 2 D. 4a 
‘The distance covered by x body in one complete linear vibration is 20 cm. What is the amplitude of body? 
A. 10m B, Som C, 1Sem D. 7om 
* Which waves are waod in Sonography? . 
A. microwaves: B, Xerays C, ultrasonic waves D, Material waves 
‘Which ts nof optically active? 
A ~ B, Tartaric acid © Water D, Milk 
int of water ist 
A “rhe B, OK C. 273,16K D, 37K 
Ah f work. Its efficiency will be: 
‘engine absorbs S0J of energy and give 4SJ of wor 
B, 70% C. 80% D. 90% 
‘of the efflux is measured by the relation: 
B. ah ap oie wa 


rite 
pbs Marks 21) (Chapters 1 to 5) 


= 573°. 
uncertainties measured in final result of power factor and volume? 


that ifthe vector A & Bure parallel to each other, then A. B=2AB 
(A = B)=0, then citer ofthe two vectors isa ull vector or vector A and Hi are 
ly is it helpful to wear a heimet while riding? 
4 moving abject have impulse? Explain, ~ 
the various non-conventional sources of energy and write down theipelinncterstics, 
"Why are energy savers used insterd of normal bulbs? , 


rs 
Provethatry [SMT] “or geosatinary stele, 


Why does the coasting rotating system slowdown as water dro 
SECTION - C (Marks 21 
_Answer any SEVEN parts. All p 
at Is an aeroToil? Exy 
When water falls from 
‘What is mean t by 


let decreases as it comes down? 


ban-wh 


‘is ordinary light not polaris 
blocks of ice are pressed in order to form a singte piece: Explain how this happens 
inpevelengie? 

) SECTION - D (M: 
Answer any TWO lesions. Al parts cary 09 

on for the time period of a simple pendulum 


using dimen: i ve 
at tha tate period ‘T° may dorcnd are ing isional analysis, The 
of pendulum 

the bob 


to be answer 
first 25 mi 


iat bubble for each guest 
irt carries one mark, 

What is to ratio tyim/1 

fA) 10~ (B) 10” 


(©) 10"? (©) 10-* 

For which angle the equation {& . |= [ax Bis correct? 

(A)30° (B) 4s ©) 60 (D) 90° 

‘Whats the angle between X and for which [X + = ik-Hie 

(A) 30° (B) 4s (C) 60" (D) 90° 
SL Wat does NOT change when force is applied on m howe. 

(A) Mass (B) Velocity {€yPosition (D) Acceleration 
S.A projectile is thrown so that it travely a maximum ratige of 100m, How high will it rise? 

(A) 500 m (B) 250 AC) 400 m (D) 1000 m 
S Weomentom is increased by 20% then KE incbiges by 

(A) 44% (B) 53% (C) 66% (D) 77% 
% The atmosphere is held to the earth by: 

(A) winds. (B) gravity (C) clouds (D) rotation of earth is 

& — Theangular speed in rad/hrs for Apilj‘rotation of our earth is; 

(A)2n (B) ar oF 

Artificial satellite moves urount!: 

(A) Moon (8) Sun (C) Stars (D) Earth 

‘The pressure will be Kit Where the speed of the Nuid is; 

(A) Zero > O)High (©) Low (D) Constant 

The periods of lurree (T.) are related as: 

A)T> TC (0)2T,=3T» 


(C) Temperature (D) Density. 

ited by the longitudinal waves? 
Walon! (D) Polarization 

(©) Retraction 


(©) Speed of ight 


SECTION ~ B (Marks 21) 
. (Chapters 1 to 5) 
any SEVEN parts, All parts carry equal marks. 
‘that the famous Linsteln's equations E = mc? is is dimensionally consistent. 
G the drawbacks to use the period of pendulum as a time standard. 
1) Ue Which circumstances would a vector shall have components of same magalfge’ 
‘Explsin briefly why buses and heavy trucks have large stecring wheels? Ra 


What is Head-on Coltision? Explain briefly with an example ®) 
Wat isthe angle of projection for a projectile for which the maximupfpeWht reached and corresponding range. 
are equal? 


Does a ydroyen-Mled balloon possess PE? Explain icfly. OS 
“A bucket is taken to bottom of a well; docs the bucket possess, 
Whi the fly wheel of an engine is made hesvy atthe im? 

‘Atall in just supported by inging. it breaks, Why? 


farks 21) 
(Chap@ix6 to 10) 


Answer any SEVEN parts. All parts carey equal marks, 
© Why a aports cer has oblong shape design? 
‘Desctibe the working of an engine : 
Give 1wo-applications from daly lives aCphenomenon in which resonance plays an important role. 
What will be the frequency of pendulum if its length is tin? 
and destructive interference? 
‘nodes and anti-nodes ina vibrating string? 
to radar waves? Explain briefly. 
Polarization? 


=tel=(Mer} .() 
= me! = [Myr y 
=(MeT"} (2) 
LHS=RHS 
‘OVEN, We use electromagnetic waves, called microwaves, to hei 
| these waves are smaller in wavelength than other radio waves. It does ‘that its wavelength is 


rameter, c 
ithoof microwaves used in microwave oven is 12cm and their fread 62450 MHz 
i Q 


the xand y-components of al given vectors .. 
‘Add x-components of all the vectors to find the ~canoret ie resultant vector 
y-Components of al the vectors to find the y-componaat ofthe resultant vector. 
iN 


1) Find the magnitude of resutant vector R. by using << 


‘which lowers its C.G. and they are constructed such that their line o 
area (ther base area is made lrg}. That's why the cranes most dl 


as that of the aero-plane when itis dropped. if the bomb is dropped 


Tas 
impulse is equal to the change In momentum of the body. 
Done by 3 Variable Force D 
|imany cases, the force is not constant, but jt varies in magnitude or direction a 
S 


fice exerted by spring increases by the amount of stretch. 
‘Let us consider the path of particle in xy-plane from point a to b as shown in figuié, \ 


The forces acting during these intervals are F « tespectively) 
“The force is considered to be approximately constam: for each interyahoF displacement. 
‘So work done for the first interval is, » 

AW, =Fi.Ads ~ Fe0s0,44, M 
Simitarty, 

AW, = 
and up to nth interval 
| AW, =F..Ad. = F,cos0_ad, aN 
Now the total work done in moving the bodytrom point a to b is. 


We (BW5¢ AW3 + one # AW) 
OR We (Fcos0,Ad, + F,cos0, Ad yo-.....+ F,cos0, Ad, ) 


F,cos0,.Ad, 


light and heat from the Sun, Solar radiation along with secondary solar: 
hhydroelectricity and biomass account for most of the available 


\ ees OF ] 
satelite of mass mn, moving with ceitel velocity v around the earth of mass Tf ris the radius ofthe 
[centripetal force F can be expressed as ~ 

i 
~ Vv 
4 r x 
force is provided by gravitational force of attraction between camh whe 

sand is given by Ss \ 


| QO 
val a 
ae SECTION (C) 


Is not compulsory) 
the effect, where speed of fluid is high, 


he mass of vibrating pendulum is struck repeatedly, 
wibrations of factory floor caused by t , ‘ 


& 

‘® Radio and Resonance ee (03) 
'b, Magnetic Resonance Image (M.R.) KR 

FE be the elastic modulus and p be the density of the mediutn then speed of sound waves ig 


VE iS 


to) 
Although the density of solids is areator than that of gases but the modulus of lasik of solids is uch sreetee 
‘than that of anses (Eye >> E pur), 


Therefore E Jsotids > |=) ase ~ 
eo) LA. 
‘Also molecules are closar in solids than in the gases, so they respond faghe quickly to a disturbance. 
That is why speed of sound is greater in solids than the eases, 
THREE differences. 
Progressive waves Stationary waves: 
The disturbance produced in the medium There is no onward motion of the disturbance as.no_ 
Kravels onward, It being handed over from {-“f‘particle transfers IRs motion to the next. Each 
one particle to the next. Each particle}~ | particle has its own characteristic vibration. 
executes the same type of vibration asithe 
Preceding one, though not at the ‘same 
time 
‘The amplitude of each particlgiis the same The amplitudes of the different 
but the phase changes continuously, different, ranging from zero at 
maximum at the antinodes, All the 
given segment vibrate in phase but in opposite 
phase relative to the particles in the adjacent 
Segment. 


q No particie<is permanently at rest, "| ‘The particles at the nodes are permanently at 
Ditfere 


les attain the state of but other particles attain thelr position of 
momentary rest at different instants, momentary rest sim 9 


| All the particles attain thelr own maximum velocly 
at the same time when they pass through thelr 
mean positions. - 


ough half siivered glass plate two times and It decreases of | 
‘cut from the sam pease ad eu i kw 1 nie 
decrease Its speed of light two times. G, therefore equalizes the path length of the & 
led compensating glass plate or compensator plate. « 


Pe 


Hon} an example of highly reversible 


Ne) 


process 
‘of thermodynamics does not provide a clear idea about the direction of ansettion or 


Informations provided by the first law of thermodynamics are not ft {Dipredict the spontan 


ty of a process. 


does not tell about the entropy of system. if ali energy is cose cy can never be a 


‘entropy is achieved, conservation has failed. 
SECTION (D) 


and figure of projectile motion 
r height + Meme tnght rong of projettgS 


i Mass of ball = m= 100gm =0.1kg 
‘Speed of hall = v =25 misec, 
(@) Height to the bal woul rgS$K=? (as 319m) 


{b) If height = h’ = 25m, then 
{work done =? (6.7) {W) FopNrcon = F= =203N) 


Tin terms of S.H.M and also draw graph 


(01+ 01) 
(02 +02 +02) | 
(OS+1.5+15415) 


PES a 5 
Federal Board Books 


STOCKIST 
KASHMIR BOOK DEPOT | REHMAN BOOK DEPOT | CAPITAL BOOK DEPOT | The School 
REKAN BOOKS DREES 600 
ee | 
ao ‘Bue Ara, lalemabus 


